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Pfaudler Food Equipment Specialties 


Vacuum process 
equipment for juices, 
fruits, paste, jams, 
jellies, syrups, etc. 





When you are ready to consider food 
equipment of the type illustrated, here 
is a guide that will help you in selecting 
the best buys quickly: 
1. See how the operating advantages of one 
make compare with another in saving man- 


power, increasing production, improving 


quality. Look beneath the surface to de- 
Mixers and cookers 


termine how well the unit is built for long fer tomate products, 
arpvice life soups, syrups, salad 
service life. ‘aaieanadae 


2. Compare materials of construction, me- 
chanical design and workmanship. For ex- 
ample, welded construction is stronger than 


bolted and more sanitary. 


3. Ask for a list of users and check with them. 


Heat exchangers for 





4. Compare prices in relation to all factors. All cooling end fer 
“bargains” are not necessarily the lowest ra 
priced, 

Pfaudler is staffed to render engineer- 
ing service on your special requirements 
and is the one fabricator who uses all Filling machines for 
4 ‘i filling hot or cold 
the materials of construction § that liquids; semi-liquids 
: and semi-solids in 
best meet your needs economically. eune, jars end other 
containers. 











Ask Pfaudler to send you literature and prices 
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on the equipment in which you are interested 





nate. No ellligntion. | The Pfaudler Co., Dept. FT-1, Rochester 3, N.Y. 7 
| Please send literature on the equipment checked: | 
! [) Vacuum Processing; [] Mixers; [] Cookers: | 
; [) Heat exchangers: [J Liquid filling machines: | 
() Semi-solid food fillers; 1] Others | 
NAME | 
1 company | 

THE PFAUDLER CO., ROCHESTER 3, NEW YORK | 
| ADDREss | 
| 
| cerry ZONE STATE | 
Ir eratis ian aul itedc cece ei ie aah ac at ae a a em J 








Help for Overseas Research 


It is no longer necessary to tell members of IFT that 
libraries in Europe suffered disastrously during the 
war, as did also facilities for conducting technical and 
scientific research and means of supporting research. 
That fact has been told to us many times. 

We can make a valuable contribution to science and 
technology by sending literature to the research workers 
of Europe. Anything we can do along this line will 
reduce the handicaps under which those research 
workers now labor 

We are informed that the facilities of CARE are 
available for sending technical and professional infor 
mation to overseas libraries, universities and research 
groups. Mr. Milton L. Smith, Director of the Educa 
tional Unit of CARE states that our professional over 
seas counterparts are very appreciative of any contri 
butions. 

The Executive Committee of the American Associa- 
tion for the Advancement of Science proposed that its 
associated members be invited to cooperate and Dr. 
Howard A. Meyerhoff, Administrative Secretary of 
\AAS, has written the Institute of Food Technologists 
as follows 

“Many of us, both as individuals and as mem 
bers of professional groups, have made contribu 
tions to the physical rehabilitation of our fellow 
scientists in war-devastated countries. Now that 
the urgent need for keeping our friends alive has 
somewhat abated, it seems to me that we should 
turn our minds towards restoring in part the losses 
sustained in the realm of the intellect 





“The full losses which the universities and 
libraries of Europe and Asia suffered during the 
war will probably never be known, but all of us 
are aware of the great lag in scientific progress 
overseas, due to the destruction or confiscation of 
literature, equipment and even men. 

“Our commanding position today in scientific 
fields is largely due to knowledge acquired over 
the centuries in Europe and transmitted to us in 
the past from institutions abroad. Consequently it 
may be said that the program worked out by 
CARE, in collaboration with UNESCO, under 
which contributions will be accepted for the send- 
ing of scientific and professional books to the 
libraries overseas, presents us with an opportunity 
to repay some of the debt we owe to the wells of 
learning from which we have drunk so deeply. 

“I believe that the facts about this program 
should be placed in the hands of every scientist in 
this country, and | urge the support of your or- 
ganization in a cause which I am certain will aid 
the advancement of science—both abroad and 
here.” 


[FT has formulated no specific plan for participating 
as an organization in this worthy cause but Colonel 
C. S. Lawrence, Executive Secretary, 222 West Adams 
St., Chicago, Illinois, will be glad to hear from anyone 
who wishes to make a contribution in the name of the 
Institute. Personal contributions may be made directly 
through CARE, 50 Broad Street, New York 4, N. Y. 


———_——-— 


Book Review 


Practica Dairy BacterioLtocy, by Paul R. Elliker, 
McGraw-Hill Book Co. Inc., New York, 1949, 391 
pages. Price $4.00 

The fundamental principles of microbiology are 
clearly explained in terms that may be easily understood 
by dairy students, farmers, inspectors, field service men 
and plant workers for whom the book is intended 
Explanations of the feeding habits of microorganisms 
and the effect of their growth on the medium in which 
they live give a basis for understanding the processes 
involved in the manufacture of cultured milks and 
cheese which are discussed rather fully. Description of 
the processes of manufacturing condensed, evaporated, 
powdered milks and ice cream also are included along 
with measures for sanitary control during processing 

Methods of destroying bacteria and inhibiting their 
growth are discussed as are the practical applications 
of such methods in the sanitary control of milk supplies 
and of milk and milk products processing plants 
Laboratory tests for determining the sanitary quality 
of milk, cream and milk products are discussed in sufh- 
cient detail to give a basic understanding of their ap 
\ chapter is devoted to 
ncluding a discussion of the 


plication and interpretation 
cleaning dairy equipment 


cleansing and germicidal treatment and 


- 


principles 


their practical application to various types of equipment. 

It is a good book especially for short-course and in- 
service training of field and plant personnel in the basic 
principles of bacteriology and their practical application 
in the broad milk field Water D. TIEDEMAN. 

Freeze-Dryinc (Drying by Sublimation), by Earl 
W. Flosdorf, Reinhold Publishing Corporation, New 
York, N. Y., 1949, 280 pages. Price $5.00. 

This is not a large book but it is comprehensive, clear 
lhe author is well-qualified by pioneering 
experience in many phases of freeze-drying and by an 
exceptional clarity of expression, to reveal developments 
in freeze-drying during the past fifteen years in relation 
to medical, food and industrial products and also to 
plastic-imbedding of biological exhibits. 

Basic principles are outlined ; applications and equip- 
ment are described; and changes in products during 
drying and storage are discussed. Problems and pros- 
Patent lists and bibliographies ap- 
pear reasonably complete. Tables, charts and illustra- 
tions are abundant and excellent. The index is good. 

The book has much to recommend it as a reference 
and text for all who are interested in technological 
aspects of the freeze-drying of biological products. Of 


and concise 


pects are indicated 
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special interest to food technologists will be sections 
describing equipment, methods, and application of 


freeze-drying to fruits, meats, sea foods, milk, vege 
tables and other foods. Briefly summarized, freeze 
drying provides a means for preserving many foods in 
a form which (a) is easy to reconstitute, (b) is greatly 
reduced in weight but not in bulk, and (c) if dried to 
less than one-half percent of moisture and sealed in gas 
tight containers, freeze-dried foods may be stored and 
transported at temperature extremes with less change 
in flavor and food value than any other method for 
handling perishable foods. 

The relatively higher cost of freeze-drying of foods 
can be justified where special problems are encountered 
such as in military applications, and in expeditions 
operating in locations where food-supply presents diff 
culties. As improvements occur in large scale equip 
ment and as production volume increases, costs will be 
lowered and competitive areas of marketing will be 
extended. 





Because it covers applications in widely separated 
fields, the usefulness of the book as a reference would 


be augmented if the author included a glossary of tech 


] 


nical terms. There the reader could quickly locate the 
definition of any term with which he was not familiar 
Such a glossary might be prepared and pasted in th 
present edition. 

In future editions, the detailed explanation of the 
McLeod Gage beginning on page 54 might advan 


~ 


tageously be accompanied by a series of drawings 
graphically presenting the features of this important 
Instrument. 

\ section describing and comparing methods for d 


termining the moisture centent of dried products woul 


also enhance the value of the book as a complete refet 
ence source in its field. 


FINANCIAL STATEMENT 
THE INSTITUTE OF FOOD TECHNOLOGISTS 
at the close of business December 30, 1949 


ASSETS 


Cash on deposit with First National Bank, Chicago, Illinois 
Operating Fund (subject to withdrawal 
on signature of Executive 
Secretary ) $ 1,253.16 
General Fund (subject to withdrawal 
only on signatures of both Treas 
urer and Executive Secretary) 19,673.07 


Total $20,926.23 


Accounts Receivable (subscriptions to Foop Tecnu 


NOLOGY, advertising, sales of back numbers ) 729.02 
Publications (back numbers of Proceedings and 
Foop TrECHNOLOGY carried at cost. This is an 
item of doubtful value, as much of this stock 
will eventually have to be sold as waste paper ) 5,682.90 
Furniture and Fixtures (office equipment carried at 
cost or estimated value and depreciated 20% 
per year) 380.00 
Tora $27,718.15 
LIABILITIES 
Accounts Payable (Income Tax withheld, and 
Social Security Taxes of employer ) $ 76.80 
Net Worth of The Institut 27 641.35 
Tora! $27,718.15 


rhere is in the hands of the former Secretary a U.S 
Savings Bond with a maturity value of $1,000.00. 
This is not included in the above statement as it 
has not been received 


OPERATING STATEMENT 
October 1, 1949 to December 30, 1949 
RECEIPTS 
By transfer from predecessor $16,748.78 
Foop TecH NoLoGy, advertising and subscription in- 
come ($3.75 of each member's dues is credited 


In its present form, the book is easily the most im 
portant contribution to date to the literature of Freez 
Drving 

|. L. Herp 

to subscriptions, in accordance with postal reg 

lations ) 8 930.89 
Members dues ~ 4888 00) 
Sale of back numbers of Foop TECHNOLOGY 20.10 

Tora $30,587.77 
EXPENDITURES AND CHARGES INCURRED 
Koop TECHNOLOGY, printing, mailing and commi 

sions on advertising . 197 39 
Refund of overpayment of dues by members 29,38 
Purchase of back numbers of Foop TECHNOLOGY’ 175.5 


Operating Expense, office rent, stationery, cleri 

hire, blank forms, freight charges on transfet 

Secretary's office 026 
President's Office, travel and clerical hire during 

transfer period 344.67 
Editor’s Office, postage and incidentals, (the pri 

pal item of Editor’s expense is paid in advair 

twice yearly. The next advance of $1,275.00 


not be due until after January Ist) ' 
Furniture and Fixtures, purchase of adding mai 40.00 
Secretary's salary and travel 
Salary and Social Security Tax $ 1,212.01 
Travel 82.7 
Total 294 
Advances to Committee for 1950 Annual Meeting : 
Printing 5,000 copies of descriptive folders 
Institute for use of Membership Committees 14 
Toral S$ 9.738.34 
Expenditures $ 9,661 
Balance remaining in Accounts Payable 76.8 
loral $ 9,738.34 
CHARLES S AM 
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Effect of Storage Temperature on Quality of Frozen Peas* 


F. E. LINDQUIST, W. C. DIETRICH, anp MILDRED M, BOGGS 


Western Regional Research Laboratory,’ Albany 


Carefully prepared samples of frozen peas were 
stored at —10°, 0°’, and 10° F. The stored material 
was examined at intervals by a panel of experienced 
judges to determine the rate at which changes in 
quality occurred. Appraisal was made by the trian- 
gular plan and results were analyzed for significance 
by the Chi-square method. Detailed data are pre- 
sented and discussed. 


The present study was undertaken to investigate the 
effect of temperature of storage on the quality of frozen 
peas and at the same time to determine, as far as possi- 
ble, the rate at which such changes occur. 

As food freezing has developed, there has been a 
change in recommended storage temperatures for vari- 
ous frozen products. In a recent paper, Woodroof and 
Shelor (22) point out that prior to 1930 temperatures 
from 10° to 20° F. were considered satisfactory by 
many for the storage of frozen foods. These authors 
also suggest that for some products with a quick turn 
over, 10° to 15° F. may be satisfactory, but that when 
the material is to be held for a long period —10° to 

20° F. should be used. Morris and Barker (16) re- 
port that 20° F. is preferable to 10° F. for frozen 
peas. Lowe (13) states that peas stored at —10° F. 
were of better quality than those stored at 0° F. and of 
much better quality than those stored at 10° F. Powers 
(20) recommends that storage rooms for frozen vege 
tables should be kept at 10° F. Gortner et al. (6) 
state that it is important to store frozen foods at 0° F. 
or lower, if eating qualities and nutritional values are 
to be maintained from one season to the next. Thus, it 
is apparent that the trend in research on the storage of 
frozen foods has been toward recommendation of lower 
storage temperatures. 

Procedures 

Five lots of peas were used in the preparation of the 
samples. The variety was Ferry-Morse No. 9, a Lax- 
ton’s Progress type. The raw material was obtained 
over an interval of nearly 3 weeks from fields being 
harvested for fresh market. The pods were iced within 
a few minutes after harvest and transported from field 
to laboratory where they were placed in storage at 
33° F. overnight. Eighty pounds of finely-crushed ice 
was used for each hundred pounds of peas. Processing 
was carried out the following morning 

Earlier studies by Campbell and Diehl (4) and more 
recent studies by Boggs and Talburt (2) of this Labora 
tory indicated that peas in the pod, when stored at 
33° F., maintain good quality for periods longer than 
those used for storage of raw material in this study 


* Presented before the Ninth Annual I. F. T. Convention, San 
Francisco, California, July 13, 1949. 


3ureau of Agricultural and Industrial Chemistry, Agricul- 
tural Research Administration, U. S. Department of Agri 
culture 
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», California 


Hence, the raw material suffered no marked deteriora- 
tion in quality. 

[he peas were podded and graded mechanically. 
Only peas of sieve sizes 3 to 5 inclusive (1%, to 1340 
inch in diameter) were used. The graded material 
(tenderometer readings from 76 to 81 for the five lots) 
was placed on stainless steel trays at a loading rate of 
1.5 pounds per square foot, washed and then scalded 
in a draper-type, belt steam blancher at 212° F. for 70 
seconds. Adequacy of blanching time was determined 
by the peroxidase test developed by Masure and Camp- 
bell (75). After scalding, the peas were cooled im- 
mediately by a fog spray drawn through the loaded 
trays with the aid of a suction fan. Cooling continued 
for 2 minutes. The peas were then drained to remove 
excess water and frozen in an air blast at —10° F. The 
frozen material was packaged in No. 2 plain tin cans, 
hermetically-sealed. 

Samples were stored at —10° F. until all five lots 
were processed. At this time, parts of each lot were 
placed in storage at 10° and O° F., while the remainder 
was kept at —-10° F. The samples were moved to each 
of the higher temperatures in rotation. The scheme fol- 
lowed was such that on each day of one work week, 
samples from one lot were placed in storage at 0° F. 
and on each day of the following week samples of each 
of the lots were placed in storage at 10° F. in the same 
order. 

The samples were removed from storage at intervals 
and were examined by a group of experienced judges 
for differences in flavor, color, or texture. The methods 
used are discussed in the section on Appraisal of 
Samples. 

Campbell (3) suggested that the loss of green color 
in peas stored at insufficiently low temperatures is 
probably due to conversion of chlorophyll to pheophytin. 
In view of this suggestion, measurements of chlorophyll 
conversion were made at each examination period. At 
the same time, measurements of color reflectance were 
made and ascorbic acid content was determined. 

The measurement of conversion of chlorophyll to 
pheophytin has been described by Dutton, Bailey and 
Kohake (5). The final determination was made on an 
acetone solution of pigments according to the spectro- 
photometric method of Mackinney and Weast (14). 

lhe measurements of reflectance color were made 
with a recording spectrophotometer (7) and a photo- 
electric reflectometer (7). Samples were taken at each 
appraisal period and determinations were made on 
cooked peas, both whole and homogenized. A trichro- 
matic description of the color was obtained from the 
spectrophotometric results, by standard methods (11). 
lLuminous reflectance and yellowness were calculated 


from the reflectometer data (8). Ascorbic acid was 
determined by the method of Loeffler and Ponting (12) 
as modified by Ponting (19). 
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At intervals of approximately 16 weeks, the follow- 
ing determinations were made on the samples: total 
solids, alcohol-insoluble solids, total sugars, total nitro- 
gen, and pH. In all cases, except for determination of 
pH, the samples were made up in the form of alcohol 
slurries in which a known weight of peas was thoroughly 
blended with sufficient alcohol to give a final alcohol 
concentration of 80 percent. 

Total solids were determined on weighed samples of 
slurry, dried to apparent dryness on a steam bath, fol- 
lowed by drying in an air oven at 70° C. overnight and 
subsequent drying in a vacuum oven (about 29 inches 
of mercury) at 70° C. for 48 hours. Alcohol-insoluble 
solids and total sugars were determined by a slight 
modification of the method described by Moyer and 
Holgate (17) in which the alcohol-washed solids were 
dried in the manner described above. The alcohol wash- 
ings which contained the sugars were deproteinated 
with neutral lead acetate, and excess of lead removed 
with disodium phosphate. After proper volume adjust- 
ments and removal of lead precipitate, aliquots of the 
solutions were hydrolyzed for 10 minutes at 100° C. 
in the presence of hydrochloric acid at a final concen- 
tration of about *4, N. The hydrolyzates were further 
diluted and aliquots, after neutralization, were analyzed 
for sugar content with the copper-reagent and iodo- 
metric procedure described by Somogyi (2/a, b). Total 
nitrogen was determined by the Kjeldahl-Gunning- 
Arnold method, and crude protein was estimated by 
multiplying these values by the factor 6.25. pH was 
determined on slurries made by blending equal weights 
of peas and distilled water. 


Results 
The lines of regression for the conversion of chloro- 
phyll to pheophytin and for the ascorbic acid content of 
the samples on storage time are shown in Figures 1 and 
2, respectively. The standard error of estimate is indi- 
cated in each case by a vertical line. These data, to- 


Conversion of Chlorophyll to 
Pheophytin in Stored Peas 
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Ascorbic Acid Content of Stored Pea 


Magms. Per Cent 
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Storage Period in Weeks 
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gether with the correlation coefficients, are given in 
Table la and b. 
rABLE la 


Chlorophyll Conversion in Stored Peas 


Storage Correlation : S 1 Er 
lemperature (° F.) Coefficient Slope I mat 
0.56 10¢ 
10 83 8 g 
TABLE 1b 


Ascorbic Acid Content of Stored 


Storage Correlation ‘ S la I 
Temperature (° F.) Coefficient Slope I t 
! =< 


In the calculations, the values from all five lots of 
peas were combined and treated as one single large 
set of data. This fact accounts at least in part for the 
large values of the standard error of estimate, since the 
magnitude of the changes from lot to lot were quite 
different. However, the trends were the same in each 
case, whether the lots were considered individually or 
as a group. 

The data for the rate of conversion of chk 
pheophytin at 10° F. and for the rate of 
ascorbic acid content at O° and 10° F. show a high 


degree of correlation with storage time, while correla 


tions for the other data are not as high. In general, 
however, trends are clearly apparent, and the averages 
(Figures 1 and 2) point to the fact that as temperature 
of storage is increased, rate of conversion of chlorophyll 
to pheophytin and loss of ascorbic acid are increased 
Che measurements of reflectance color were not as 
clearly defined as were measurements of conversion of 
chlorophyll to pheophytin. The results, 
showed that as temperature increased there was a 
and in 


ye neral, 


gradual decrease in brightness ( Munsell value 
purity (Munsell chroma) and an increase 

wave length (Munsell hue). The latter indicates that 
the sample was increasing in yellowness. This is un 


dominant 
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EFFECT OF STORAGE TEMPERATURE 


doubtedly associated with the conversion of chlorophyll 
to pheophytin. 

With the exception of changes in ascorbic acid con 
tent of stored peas noted above, no significant changes 
in chemical composition were observed in any of the 
samples. Hence, analytical data are not presented. It 
suffices to say that the total solids content, alcohol 
insoluble solids content, content of total sugars, and pH 
remained essentially constant for each of the lots 
throughout the entire period of storage. 

lhe content of total solids in the five lots of raw 
material varied from 20.1 to 21.4%. In the processed 
samples, total solids ranged from 19.4 to 21.0% and 
total sugars from 6.1 to 7.1%. 


Appraisal of Samples 

[he procedure used for cooking the samples to be 
appraised by the judges was to enter 300 grams of 
solidly frozen peas into half their weight of boiling 
water, which had been boiled five minutes to remove 
dissolved carbon dioxide. After the water had again 
returned to a boil, the containers were covered and 
cooking proceeded for five minutes. The water was then 
drained from the samples, which were presented to the 
judges for appraisal. 

The presence or absence of differences between sam 
ples was determined by 10 to 16 trained, selected judges 
lhe triangular test desccribed by Helm and Trolle (9) 
was used. At each judging period, duplicate samples 
from a lot stored at a given temperature, for example 
10° F., were compared with a single sample from the 
same lot but stored at another temperature, for example 

10° F. The judges were asked whether there was 
any difference between the three samples and, if there 
was a difference, to check the duplicate samples. The 
data so obtained were analyzed by the Chi-square 
method to determine whether the number of judges who 
identified the duplicate samples departed significantly 
from the one-third expected by chance in a large num 
ber of trials. 

One third of the number of judgments marked “no 
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difference’ was added to the number who identified the 
duplicate samples correctly, while the remaining two 
thirds was added to the number who checked the wrong 
These adjusted values for the 
combined results of the five replicate processing lots 
were analyzed. 

In addition to the information usually obtained by the 
triangular test, the judges who thought there was a 
difference between the samples were asked to check the 
sample or samples which they considered best in flavor, 
texture, and color. Only the results of those judges who 
identified the duplicate samples were used in the Chi- 
Thus, the results are 
those of the most acute judges on each day. The num- 
ber of judges expected to prefer each of two different 
samples is one-half rather than one-third, as in the tri- 
angular test. The procedure used with the “no differ- 
ence” judgments in the triangular test, was followed 
here except that one-half of the “no difference” judg- 
ments, rather than one-third, was added to the number 
who preferred each sample. 

The results of the appraisal are summarized in Table 
2. The data for the comparison of samples stored at 

10° and 10° F. clearly show that the entire panel 
detected a difference between the samples after 8 weeks 
of storage and after all longer periods. Flavor deteriora- 
tion of the samples stored at 10° F. enabled the judges 
to identify duplicate samples. The most acute judges 
detected flavor deterioration after only 4 weeks. There 
was a trend showing better color and texture in the 
beginning at the twelfth 
week, but the color difference was not statistically 
significant until the twenty-fourth week and texture 
difference not until the thirty second week. 


samples as duplicates. 


square analysis of these data. 


samples stored at 10° F 


None of the judging methods now in use give satis- 
factory measurements of differences between samples 
when considerable time elapses between evaluation 
Some information regarding rate of quality 
be obtained, however, from percentage 
identification of duplicates and percentage preference 
for —10° F 


peric ds. 
change may 


. samples 


Flavor text r Color 
ample ( Sar Ch Sample** Chi 
eference ref c juare* preference square* 
0-3 0.2 
4 4.5 0.0 
15-1 3.5 
15-1 3.1 
»? l 8.0 
45-0 31.7 
6-2 0.4 
5-1 0.8 
6 0.3 
13 0.6 
| 5.2 0.1 
| 3-4) 0.2 
4-4) 0.4 
7 O44) 1.5 
; 7-3 0.2 
10-1 1.3 
49-0) 41.} 
nber is the number of judges 
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The percentage identification of duplicates by the 
entire panel in the 10° F. series, 35, 56, 64, 78, 77 and 
86 for 4, 8, 12, 16, 24 and 32 weeks, respectively, show 
a trend for increasing difference in quality with in- 
creasing storage time. The percentage preference for 

10° F. samples at the storage period listed above, 71, 
84, 77, 94, 90, and 95, do not show the trend so clearly, 
because a large proportion of these more acute judges 
preferred —10° F. samples even at the early storage 
periods. It is of interest to note that the same persons 
were not the most acute judges on different days. 

The results for the samples stored at —10° and 0° F. 
were not entirely consistent. Although the most acute 
judges detected a flavor deterioration at 12 weeks and 
after longer periods, there were several inconsistencies 
in the identification data. The Chi-square values were 
significant at the five percent level at 4, 12, 18, 20, 32, 
36 and 40 weeks of storage but were not significant at 
8, 24, and 28 weeks. The data of individual judges have 
been examined carefully for an explanation of the 
irregularities observed after 8, 24, and 28 weeks. No 
obvious explanation was found. The decreased per- 
centage of identification was characteristic of 11 of the 
14 judges on all five days for each test. Thus, the dis- 
turbing inconsistencies must be attributed to factors 
beyond our present ability of control. 

The rate of deterioration in this series is not clear. 
Percentage preference by the most acute judges for 

10° F. samples, 67, 67, 63, 92, 71, 92, 82, 88, 88, and 
83 for 4, 8, 12, 18, 20, 24, 28, 32, 36, and 40 weeks, 
respectively, indicate that the difference between sam- 
ples was fairly constant between 4 and 12 weeks, then 
increased somewhat in the next 4+ months. The identifi- 
cation data for the entire panel, 41, 23, 40, 57, 50, 43, 
32, 55, 59, 60 percent show no systematic pattern of 
change. The most plausible explanation is that differ- 
ences between —10° and O° F. samples were on the 
margin of threshold of judges even when the peas were 
stored for 40 weeks. 

Color and texture changed slowly, if at all, in the 
samples stored at O° F. The difference in color between 
the samples stored at —10° F. and those at 0° F. was 
not significant at any period of storage up to 40 weeks. 
There was a trend showing some deterioration of 
texture in the samples stored at 0° F., beginning at the 
thirty-second week, but the deterioration at this storage 
temperature was primarily one of flavor. 

\s a supplement to the main study, a comparison of 
the samples stored at O° and 10° F. was made at one 
storage period only: 43 weeks. All of the data clearly 
show that the samples stored at 10° F. were inferior 
in flavor, texture and color 

In the hope of obtaining a comparison of the material 
used in the present study with material marketed com 
mercially, particularly with regard to flavor, the sam- 
ples stored at the various temperatures for 46 to 47 
weeks were compared with samples packed by four of 
the larger packers of frozen food. To be assured that 
the samples used were as uniform as possible, a case of 
each of the four commercial samples was obtained 
directly from the warehouse of the wholesale dis- 
tributor. It was soon apparent that a comparison of the 
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commercial and experimental samples would be dith 
cult because of the marked difference between the two, 
both with regard to flavor and maturity. The experi 
mental samples had been prepared from young, tender 
peas processed with every precaution to avoid any 
changes due to delay between shelling and blanching 
and blanching and freezing. Hence, any differences in 
flavor between the experimental samples were largely 
a result of differences in storage temperature. On the 
other hand, the flavor of the commercial samples could 
have been affected not only by storage temperature but 
also by delay between vining and blanching and by 
differences in maturity (alcohol insoluble solids of com 
mercial samples varied from 10.9 to 16.3%, while those 
of experimental samples varied from 9.9 to 11.0% ) 
Thus, it cannot be emphasized too strongly that when 
comparisons of the type made in this study are to be 
carried out, extreme care must be exercised in the con 
trol of the raw material used in the preparation of the 


samples. 
Discussion 

The data reported clearly show the effect of tempera 
ture of storage on the retention of quality of frozen peas 

From the standpoint of economics alone, it would be 
an advantage to both warehousemen and wholesale dis 
tributors of frozen foods te store these materials at as 
high a temperature as possible, because of the progres 
sive increase in the cost per unit of refrigeration as the 
storage temperatures are lowered. Storage at 10° F 
was obviously unsatisfactory, because of the changes in 
favor which occurred very early in the storage period 
and also because of the fact that the material was stored 
near the upper limits of safety as far as microbial spoil 
age is concerm d. It has been pointed out by Berry (/) 
for instance, that the deadline for microbial growth is 
near 15° F. 

It is apparent that it would be poor commercial pra 
tice to store frozen foods at temperatures even approach 
ing the upper limits of safety just mentioned and that 
certain sacrifices must be made economically, in ordet 


to maintain maximum quality—a factor which is all 


d 


important, particularly in frozen foods. The 
presented in this study clearly indicate that at storag: 


ita 


temperatures as low as 0° F., flavor deterioration occurs 
after a relatively short period of storage (12 weeks) 
only the judgments of the most acute judges are cor 
sidered. Hence, in the range of temperatures studied, 

10° F. was the most desirable storage temperature for 
the maintenance of quality of frozen peas over long 
periods of storage. This is in agreement with work 
cited earlier. It would seem that the range of tempera 
tures used represents a critical zone for frozen peas, 
evidenced by the marked loss in quality of the frozet 
material with increase in storage temperature. How 
ever, it would be of considerable interest to know 
whether storage at —20° F. would bring about a reten 
tion in quality comparable to that noted as the storage 
temperature was lowered from 0° to —10° | 

The changes in quality with storage temperature 
noted in this work are those for young, tender, car 
fully harvested peas. It is quite possible, if raw ma 
terial at a more advanced stage of maturity had beer 
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used, quite different rates of change with storage tem 
perature might have been noted. It is hoped that this 
point can be investigated in the near future. 


Summary 
The effect of temperature of storage on the quality 
Five lots of peas 
10°, 0 
lhe samples from each lot were examined at 


of frozen peas has been investigated. 
of comparabale maturity were stored at and 
10° F. 
intervals by the judges to determine any differences in 
flavor, texture, or color between the samples stored at 


10° F 


The data were analyzed for significance by the Chi 


and those stored at the higher temperatures 


square method. 

he samples stored at 19° F., 
stored at lO’ F 
deterioration at the fourth week of storage (based on 


when compared with 
those showed a significant flavor 
the judgments of the most acute judges), which per 
sisted throughout the entire period of examination. A 
significant difference in color and texture was noted at 
the 24-week and 32-week storage interval, respectively 

In a similar comparison between the samples stored 
at 10° and 0° F 
showed a deterioration in flavor in the sample stored at 


the data of the most acute judges 


the higher temperatures, beginning at the 12-week in 


terval and extending throughout the entire storage 


period. No significant differences were noted in color 
or texture up to 40 weeks ef storage. 

ne comparison of the samples stored at 0° with 
those stored at 10° F. at the 43-week interval clearly 
showed that the samples stored at the higher tempera 
ture were very inferior in flavor, texture and color. 

Physical measurements showed that the rate of con 
version of chlorophyll to pheophytin was greatest in the 
samples stored at 10° F. and least in those stored at 


10 F Phe 


same trend 


rate of loss of ascorbic acid followed the 
No other changes in chemical composition 
were noted 
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“Electro-Sensing—-An Advanced Measuring Tool 
for Food Process Control” * 


LLOYD EF 
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Most changes in a product or its environment, while 
in process, can be gauged by a tiny variable electrical 
signal, generated through the action of recently de- 
veloped sensing elements. This concept of “electro- 
sensing” has been made possible through the develop- 
ment of vacuum tube instrumentation which is now 
available for the critical measurement and control of 
such processing factors as pH, density, composition 
as well as temperature, pressure and flow. 


Measurement is often called the foundation of all 
science. In the Food Industry, as indeed in almost 
every other industry, the quality and yield of final 
product is closely related to the techniques of measuring, 
and thereby controlling the various processing factors. 
Advanced methods of measurement are today elimi- 
nating many of the “rule-of-thumb” procedures which 
have characterized food manufacture. The old fashioned 
artisan or craftsman is disappearing from the food 
plant, being replaced by the technician who 1s capable 
of using modern instrumentation in scientific production. 

The object of this paper is to briefly survey some re- 
cent developments in the field of measurement. The 
application of new measuring tools to food processing 
depends primarily upon the food technologist. It is his 
imagination and experimentation which usually allows 
the benefits possible from such devices to materialize in 
his industry. 

The most usable majority of recently developed 
measuring devices can be classified under one title 
“Electro-sensing” elements. This title merely implies, 
of course, a means of sensing something electrically. 
Translated into the working vocabulary of instrumenta- 
tion, an “Electro-sensing” element is one which pro- 
vides a variable electrical signal as an index of measure- 
ment. 

The most familiar, perhaps even the progenitor, of 
the “Electro-sensing” elements is the thermocouple, 
which generates an electrical millivoltage in proportion 
to its temperature change. Another “Electro-sensing” 
element, also quite familiar to the food technologist, is 
the glass pH electrode, which provides a tiny voltage 
proportional to the hydrogen ion content of a solution. 

The chief virtue of “Electro-sensing” is that it enables 
us to measure smaller things. Minute changes in a 
product quality or process variable can now be detected, 
and with great accuracy. It is easy to understand this 
exceptional ability when it is realized that “Electro- 
sensing’ elements provide the measuring and con 
trolling instrument with the lightest and most mathe- 


matically concise measuring agents, electrons and 
photons. 
The electrical power available from an “Electro- 


sensing” device is rarely of sufficient magnitude to di- 
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rectly operate a calibrated pointer or control element 
This is especially true where measurement of a high 


sensitivity and accuracy is required. In such work, 
where very small increment changes in a process o1 
product are to be detected and possibly controlled, cor 
respondingly minute electrical quantities are involved 
Obviously, in order to actuate a modern precision re 
cording and controlling instrument, these signals must 
be amplified. A familiar parallel, one that is too clos¢ 
to be called an analogy, is the manner in which yout 
home radio set amplifies the tiny signals received on 
its antenna to the point where they are capable of pro 
ducing audible sounds on a loud speaker 








with chassis 


Fic. 1. Circular Chart ElectroniK Potentiometer 
swung out showing driving gear and vacuum tube amplifier 
“Electro 
elements were not brought into play until the 
the 


Needless to say, the full capabilities ol 
sensing” 
advent of the electron tube as an amplifier 
The use of this principle came 
as it did i 


1 
measuring instrument. 
surprisingly late in the instrument industry, 
than communications, the cor 
and development of 


most industries other 


ception recordet 


its 


an electron 


occurring less than ten years ago. However, since 
initial inception, those few years ago, electronic instru 
mentation has advanced at a very dynamic pace and has 
been found to be capable of accommodating new and 
unusual types of measuring elements as soon as they ar 
created. 

\n interesting development has appeared as ele 
tronics have been applied to instrumentation. It has 
been found that the same basic electronic instrument cat 
be with devices and 
thereby be employed to measure and control 
verse variables. All that is usually necessary, to 
the electronic to these 
variables, is simply to calibrate it in terms of the variable 


used various “Electro-sensing” 
many di 
idopt 
basic instrument any one of 
and provide it with a suitable range. 

This adaptability is easily understood when it is 
realized that all the receiving instrument does is 
Whether this signal is self 
generated, as by a thermocouple or glass electrode, o1 


ate on a voltage signal. 


due to a variation of current flow through a resistor, as 
in the resistance bulb or strain gauge, the same elec 
tronic means are used to amplify it to a usable value f 
indicating, recording and controlling 
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Fic. 2. Schematic diagram of Continuous Balance System 


\ brief review of the “null-balance” electronic po 
tentiometer will help to clarify this point. The measur 
ing circuit of this instrument consists of a bridge of 
wire resistors with a constant D.C. voltage imposed 
upon it. This bridge is “in balance” when the sensing 
element, connected into the circuit, is static, or not 
reflecting a change. When an “unbalanced voltage” is 
received in the measuring circuit, due to a signal from 
the sensing element, this will be electrically magnified 
by the electron-tube amplifier in the instrument to a 
suitable power to operate a rebalancing motor. This 
motor then repositions a slide wire contactor operating 
on one of the resistors in the measuring circuit to thus 
bring the circuit back into “balance.” The rebalancing 
motion of the motor also brings the recording pen and 
or control mechanism into its new reading. An im- 
portant agent in the success of this transaction is the 
convertor, which changes the D. C. signal into an A. ¢ 
voltage of proportional magnitude. It is this alternating 
current signal which is, of course, amplified and used 
to drive the compact, reversible two-phase balancing 
motor. 

While actually simple in its operating fundamentals, 
the electronic instrument has received relatively sparse 
usage in the food industry. This has not been due to 
any less exacting demands in the food industry or to the 
inability of the electronic instrument to stand up to the 
rigours of most food plant conditions. The lack of 
widespread usage is more probably due to the average 
food plant engineer's unfamiliarity with the fundamental 
principles and possibilities of the electron tube. This 
device, because of its amazing accomplishments in the 
field of communications—its first user, has retained an 
aura of mystery for engineers in other industries. How 
ever, advanced methods of processing and higher qual 
ity standards have almost demanded the use of elec 
tronic principles in many places, and through this 
practical usage will occur a general increase in the 
ability of the food industry to apply this tool. 

In actuality, despite this aura of mystery surrounding 
electronics, the continuous-balance potentiometer has an 
inherent sturdiness and reliability which is unmatched 
by equivalent mechanical instruments. It contains very 
few moving parts, and these, due to the powerful driving 
torque of the balancing motor, can be built exceptionally 
rugged to withstand higher speeds of operation and 
mechanical wear. This sturdiness and reliability have 
been proven in the success of this instrument in such 


diverse applications as the test of aircraft in flight and 
the control of temperatures on a drop forge. 

The actual gains in the quality of measurement af- 
forded by electronic instrumentation have been shown 
to be improved standards of accuracy, sensitivity and 
reproducibility of measurement. Of particular interest 
in this paper, is the flexibility of measurement provided 
by the electronic principle. With this increased quality 
of measurement coupled with the flexibility of apply- 
ing the electronic instrument with various “Electro- 
sensing” elements, it is now possible to carry on many 
of the precise analytical measurements of the control 
laboratory directly in the process stream, and thus to 
automatically correct for unwanted deviations. 

The concluding section of this paper will discuss some 
of the “Electro-sensing” elements and their application, 
or possible application to food process control. Since, in 
many cases more than one of these elements are avail- 
able to measure the same effect, it will be expeditious to 
discuss them in relation to the variable they are called 
upon to measure 





Fic. 3. Sanitary Thermocouple. 


Temperature 

The two best known and most frequently applied 
“Electro-sensing’ elements for temperature measure- 
ment are the thermocouple and resistance bulb. The 
former, because of the amazing flexibility possible in its 
construction, has received greatest application in the 
food industry. It is widely used, for example, in heat- 
penetration studies of canned foods and food freezing 
studies. It is also used in the control of heat exchangers, 
such as flash pasteurizers and Votators. It is relatively 
inexpensive, very durable, and can be provided with a 
very high speed of measuring response. 

The resistance bulb consists of a precisely wound 
coil of nickel or platinum wire on a form. Changes in 
temperature are reflected by changes in electrical re- 
sistance of this winding. This principle allows two 
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Fic. 4. Sanitary Resistance Bulb for Pipe Line Connection. 


major advantages of the resistance bulb over the ther 
mocouple; greater accuracy of measurement and_ the 
ability to be used with narrower temperature spans 
The increased accuracy is due to the very precise re 
sistance value which can be provided in a wound coil 
of high quality wire. Measuring spans as narrow as 
20° F. are also possible with this element due to the 
fact there is not, as in the thermocouple, the limitation 
of a self-generated signal of tiny size. The magnitude 
of the signa! received from a resistance bulb depends 
merely upon the amount of current flowing through it, 
which is supplied by a dry cell in the measuring circuit. 
Because of these features the resistance bulb is finding 
use in such precise operations as the boiling of pre 
serves and the actuation of the Thermal Limit Con 
troller in the H. T. S. T. pasteurization of milk. Until 
very recently, one of the serious shortcomings of the 
resistance bulb for use in process control was its slow 
ness of response when enclosed in the necessary stain 
less steel protecting well. This factor has been dealt 
with successfully, and it is now possible to use this 
element and secure precise control in a continuous 
process to within 4 Fk. and as good as +'° F. in 
batch operations. The chief limitations of the resistance 
bulb are its relative expensiveness and inflexibility of 
physical design 

\ fairly well known “Electro-sensing” element, but 
one quite new to the low temperature processing indus 
tries is the radiation unit. This element consists of a 
series of thermocouples in the form of a thermopile 
which is sighted through a lens on a remotely located 
object for the purpose of measuring the heat radiation 





Fic. 5. Phantom view of Brown Radiation Unit 
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of that object. This provides the associated instrument 
with a definite index of object temperatures. This unit, 
formerly only useful for objects over 1000° F., can 


now respond to temperatures as low as ambient 


75 I 


(75° F.). A great deal of experimental work will have 


to be done in determining the heat emissivity of food 
stuffs during processing before the food industry will 
see widespread use of this unit. However, it is entirely 


possible that it may provide a means of measuring and 
controlling such processes as high frequency heating 
where it is often difficult to make physical contact wit! 
the product for purpose of temperature measurement 

\nother fairly new “Electro-sensing” element which 
may have excellent possibilities in the food industry 1s 
the Thermister. This is a resistance type unit com 
posed of rare metal oxides which reflects a very large 
change in resistance upon temperature change—almost 
ten times that of copper. A thermister can be made as 
small as a pin head and have the form of beads, rods, 
disks, or flakes. Because of this tiny size it can, of 
course, be used to measure temperature in the most 1n 
accessible places. An example is its current use to 
measure blood temperature by actual intravenous in 
sertion in a living patient. Its large temperature re 
sistance coefficient allows an extremely narrow tem 
perature span in the associated instrument. In one 
commercial thermister application the control of a 
chemical solution is being held to within 1/20° F. with 
an instrument having a span of only 2° F. This unit 
will probably have considerable use in heat penetration 
studies in the food industry and also in precision labora 
tory and pilot plant measurements. Its chief limitation, 
at this point, is that each unit must be carefully cali 
brated with its associated instrument. 

pH 
While hydrogen ion concentration has been measured 


in the laboratory for many years, it is only very recently 


that industrial in-plant use of this principle becom«e 
possible. This has been due to the evolution of the 
glass electrode to the point where it 1s now feasible to 
insert this element into boiling aqueous solutions, highly 
alkaline solutions and under the usual severe operating 
conditions encountered industrially. The actual pH 
electrode assembly consists of three members: the glass 
electrode; a calomel reference electrode: and a re 

sistance thermometer The resistance thermometet 





ic. 6. Flow-type Beckman Glass Electr 
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automatically compensates for the effects of temperature 
upon the resistance of glass in the electrode. This as 
sembly is available for immersion into a vessel or direct 
connection into a flow line. The pH electrode is used 
with a special high impedance vacuum tube amplifier 
before the electronic recorder-controller because of the 
extremely minute amount of current developed by the 
glass electrode in response to hydrogen ion concentra 
tion. The sugar industry was one of the first to use the 
glass electrode for commercial control, and most sugar 
mills now employ electronic pH control systems for the 
automatic continuous liming of raw juice. Other 
processes where this unit has proven feasible are the 
manufacture of casein, control of acidity in jelly making, 
and more recently the control of acidity in the ripening 
of cheese. 
Conductivity 

The conductivity cell provides a measurement of the 
electrical conductivity of a liquid. It consists of a pair 
of accurately spaced platinum electrodes within an in 
sulating chamber which serves to isolate a portion of the 
liquid under test. As such, these electrodes effectively 





Fic. 7. Industrial 


truinents Conductivity Cell. 


use the solution being tested as an electrical resistor, 
the amount of current passed being a function of solu 
tion conductance. The cell is available as a dip or flow 
type assembly and in a variety of housing materials to 
meet the requirements of the process. It is exceedingly 
simple and rugged and has found use in controlling the 
concentration of lye peeling baths, brining solutions, etc. 
An interesting aspect of the possibilities of the con 
ductivity cell is that this device can often be used to 
give an index of properties other than conductance itself. 
For example, the percentage of water in a liquid can 
often be gauged by the conductivity of that liquid. The 
actual composition analysis of material can often be 
reflected by conductivity measurement. An example of 
this is provided by the use of conductivity signaling con 
troller to detect the addition or lack of addition of salt 
to a moving stream of tomato juice cocktail. 


Pressure, Liquid Level and Flow 
A war-born “Electro-sensing’” device is currently 
being developed to allow the electronic measurement of 
direct pressures as well as liquid level and flow. This 


consists of a modified strain gauge, known as a Pressure 
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Fic. 8. Schematic Diagram of Strain Gauge Connection into 
measuring bridge of ElectroniK. 








Pick-Up, which is a grid of fine alloy wires that undergo 
small linear changes in dimensions as a result of the 
pressure of the medium being contacted. This device 
makes use of the simple principle that when an electrical 
conductor is subjected to mechanical stress, its electrical 
resistance changes. It is connected up as one arm of 
the measuring bridge circuit of the electronic recorder- 
controller. A dual bridge of these devices, tapped in 
around an orifice in a pipe line, can be mounted together 
as an individual differential pressure pick-up to measure 
flow. A sanitary Pressure Pick-Up has already been 
developed and tried out with great promise of success 
in a number of food process applications. This unit has 
been designed for sanitary pipe line connection, is fully 
stainless steel housed, and contacts the foodstuff by 
means of a flexible diaphragm. Its initial use has been 
for the multiple measurement of liquid level in a num- 
ber of storage tanks on a single electronic strip chart 
recorder. In this manner as many as sixteen remotely 
located electrical Pressure Pick-Ups can register liquid 
level on one centrally located chart. The chief advan- 
tages that this unit will provide over the available sani- 
tary type pressure gauges and flowmeters are greater 
ruggedness, sensitivity and accuracy in the sensing 
element and, of course, the ability to utilize the elec- 
tronic recorder-controller with its corresponding ad- 
vantages. While still in its early stages of development 
and application, it is easy to foresee many possibilities 
for the sanitary Pressure Pick-Up in the food industry. 


Humidity 

An electrical humidity “pick-up” is now available that 
measures atmospheric moisture, and which can be used 
in conjunction with a basic electronic instrument for a 
very accurate control of this important variable. This 
sensing device, known as an Electric Hygrometer, con- 
sists of a small polystyrene insulating tube upon which 
is wound double spaced wiring of precious metal. The 
whole unit is, in turn, covered by a thin coating of a 
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Fic. 9. Amico-Dunmore Humidity Sensing Element 


hygroscopic material, lithium chloride. This thin hygro 
scopic film loses or gains moisture and is in constant 
equilibrium with the surrounding atmosphere. Thus, 
the atmospheric humidity can be measured by measuring 
the electrical resistance of the element, since the elec 
trical conductivity of the coating film is a function of its 
water content. To obtain high accuracy, eight of these 
elements are available to cover the range of from 7% 
to 100% relative humidity. The major advantages of 
this “Electro-sensing’’ device over its mechanical equiva- 
lent, the hair hygrometer, are exceedingly rapid re- 
sponse, very high sensitivity (changes as small as 0.5% 
are detected) and a guaranteed accuracy of +1.5% 
R.H. An interesting application for this device, which 
is being worked out, is the determination of occluded 
moisture in grains and cereals. Other applications 
should appear in the critical control of food drying and 
packaging operations 
Density 

The density or specific gravity of fluid food products 
is a major variable in most food processing, and one 
that usually requires a periodic laboratory check for 
\n “Electro-sensing” device, the 
available for the continuous 


control purposes. 
“Densitrol,” is now 
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lic. 10. Schematic Diagram of “Densitrol” Measuring Chamber 


measurement of product density with an amazing de 
gree of sensitivity and accuracy. This device, in its 
sanitary form, consists of a stainless steel chamber, 
through which the product continuously passes, and 
which holds a plummet containing an iron core. The 
plummet rises and falls in this tube with changes in 
density of the fluid only, and is not affected by flow 
Che assembly is surrounded by a transmitting trans 
former which is connected to the electronic recorder 
controller. If necessary, a resistance thermometer is 
immersed in the flow tube and provides a continuous 
compensation for temperature changes by feedback to 
the recorder input circuit, so that density is measured as 
though the process fluid were at a constant temperature 
The sanitary “Densitrol” is currently being applied to 
the measurement and control of sugar syrup coming 
from an evaporator to within 1/10° Brix. It should 
have similar application in most other food condensing 
processes. Its major advantages are its ability to be 
simply connected into a process line for continuous 
measurement and its very excellent accurac) Che 
accuracy of the “Densitrol” increases with the narrow 
ness of the measuring span, and on a span of from 
1.0150 to 1.0250 Sp. G., 
accuracy of .0003 Sp. G. is provided. Any calibration 


for example, a guaranteed 


normally used in food processing, such as Baume or 
Brix, is available. limitation of 


the “Densitrol” is that it is contined to the measurement 


\t present, the chief 


of products with viscosities of 1000 centitpoise or less 
Chis eliminates many viscous food products such as 
marshmallow and peanut butter. 

lhe aforementioned “Electro-sensing” elements are 
just a few of a fast growing number of similar devices 
which are available, or in development, for the measure 
ment of many other quantities. An especially interest 
ing field of work is appearing in the “in-line” 


measure 
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ment of actual product qualities. It is now possible to 
employ electronic means to evaluate such product quali- 
ties as colour, viscosity, moisture content, crystal struc- 
ture and chemical composition. 

In actual practice, however, accurate and instantane 
ous measurement has been found to be only a partial 
solution to the processors’ problems. Careful study must 
be given to the factors causing the measured quality in 
the product and towards the means of controlling these 
conditioning variables. It is this field of flowing process 
stream control which presents the greatest challenge to 
the instrument engineer and industry technologist. As 
we today are amazed at the variety and scope of new 
measuring tools, so will our incredulousness grow at 
tomorrow's full use of these developments 
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A detailed procedure is presented for preserving 
Russian caviar in hermetically sealed g'ass containers 
by a pasteurization process. The preserved product 
retains original quality as indicated by little or no 
change in color, texture, and flavor. The heat treat- 
ment is adequate to prevent spoilage through microbial 
action. 


Introduction 

Caviar, in the strictest sense of the word, is the roe 
of a species oi sturgeon (Acipenser sp.) prepared in 
various grades as an article of food (3). As little salt as 
possible is used in the manufacture of the higher grades 
In this investigation two grades of caviar were used: 
Osetrina and Sevruga, the former being a slightly 
higher grade than the latter. There is very little pub 
lished information on the packaging and processing of 
Russian caviar in this country. Jarvis (2) calls at 
tention to the fact that some publications stating the 
process as 50 minutes at 250° F. (121° C.) are entirely 
in error. His experimental packs indicated that heating 
rulated and hardened the sturgeon 


under pressure coag 
an extent as to make the eggs inedible. In 


the same bulletin published in 1943 (2) he also states 


roe to such 


that “accurate data on processing are not available at 
present. It is reported that caviar is pasteurized for 
about 60 minutes at 170° to 180° F. (77° to 82°C.) 


but this has not been verified.” A paper dealing with 


the one-ounce size vacuum-sealed jar of a popular 
brand of Russian caviar made no mention of processing 
time or temperature (/ Von Loesecke (4) mentions 


only that the caviar is packed in the final container 


Thank e due to t S ley Distillers Corp., N. Y. ¢ 
tor liberal tities t Russia ivia 
» Contribut No. 71 Massachusetts Ag tural Exper 
ment Station, Amherst 


(usually glass), sealed, and processed. Information 
irious sources in the industry was either 
qualified with statements that occasional spoilage trou- 
bles were encountered or that recommendations were 


not checked with 


gleaned from 


experimental packs. 

The results of this investigation indicated that it is 
possible to preserve Osetrina and Sevruga grades of 
Russian caviar in hermetically sealed glass containers 
by a pasteurization process that would result in a 

g little or no loss in quality as shown by 
color, texture, and flavor changes. Samples have been 
held at 80° | 26.5° C.) for over two years without 


product showing 


microbial action. 

judges, all acquainted with 
European caviars, have declared these experimental 
packs to be superior to three types of Russian caviar 
unce glass containers and purchased in 


the local markets 


spoilage throug 


\ panel of competent 


pac ked in on 


Chemical Studies 
g is a chemical analysis of the two types 


of Russian caviar studied 


»evruga Osetrina 


Water 44.89% 47.06% 

Proteir 23.32% 28.29% 

Fat 15.29% 16.04% 

As] 7.54% 5.78% 

Salt (Nat 6.96% 5.26% 

pH 5.3 5.1 
Urotropin ( ethylenetetramine), a preservative 


commonly used Russian caviar for European con- 
sumption but not permitted in the United States, was 
not present in either sample. This preservative was also 
absent in thre mmercial samples of Russian caviar 
packed in one-ounce jars 
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Preliminary pasteurization studies indicated that 
caviar may be heated at temperatures lower than 160° F. 
(71° C.) with no marked change in appearance and 
flavor. Temperatures higher than 160° F. (71° C.) 
adversely affected the texture of the caviar as well as 
imparted a coagulated or "cooked”’ appearance to the 
product. To obviate or reduce heat treatment an at- 
tempt was made to lower the pH by the addition of 
acetic and citric acids. The natural buffering action of 
the caviar necessitated the addition of comparatively 
large amounts of each acid in order to lower the pH to 
4.5 (from 5.1 and 5.3) and undesirable flavor changes 
occurred, The addition of acetic acid without heat also 
coagulated the caviar protein. Sodium benzoate and 
benzoic acid, two preservatives permitted in the U. S., 
also caused undesirable flavor changes when used in 
concentrations of 0.1%. 


Microbiological Studies ° 

The susceptibility of caviar protein to coagulation by 
heat must always be considered, but essentially this is 
a bacteriological problem and should be investigated as 
such. 

Fresh refrigerated samples of caviar were examined 
for total numbers of bacteria growing on Tryptone 
Glucose Extract Agar and incubated at 98.6° F. 
(37° C.) and 68° F. (20° C.) Both types of caviar 
showed higher counts when incubated at the lower tem 
perature. In general, Osetrina had a count of over 17 
million cells per gram and the Sevruga caviar had over 
nine million cells per gram. These counts are con 
sistent with the salt contents of the two samples but are 
excessively high. It must be remembered that these 
samples had been held fresh under refrigerated condi- 
tions for an indeterminate length of time as they 
originally came from Russia. 

Aerobic bacteria present were largely Gram-positive 
cocci and rods and the microorganisms cultured anerobi 
cally were found to be morphologically similar. Coli 
form organisms were found in one sample of fresh 
caviar but were totally lacking in the processed samples. 
Proteolytic types were completely eliminated by pas- 
teurizing. No intestinal pathogens were found in either 
fresh or processed caviar. The selective medium used 
for the detection of intestinal pathogens was Bacto-SS 
Agar. A small number of yeasts was present in the 
fresh Sevruga samples 


Processing Studies 

The microorganisms naturally present in caviar such 
as yeasts, molds, short rods, and cocci were destroyed 
at a temperature of 145° F. (63° C.). Preliminary tests 
indicated that 155° F. (68° C.) was the maximum 
processing temperature at which quality could be 
maintained. 

Heat penetration studies were made on three sizes 
of glass jars commonly used for caviar : one-ounce squat 
jar, two-ounce tall jar (conical shape) and four-ounce 
* Credit is due to Margaret Dean, formerly of the U. S. Fish 
and Wildlife Service, Technological Laboratory, College Park, 
Md., tor some of the bacteriological data 


tall jar (conical shape). For the “cold point’ of jars 
packed with caviar to reach a temperature of 145° F 
(63° C.) when immersed in a water bath of 155° F 
(68° C.), 15 minutes were required for the one-ounce 
jars, 24 minutes for the two-ounce jars, and 33 minutes 
for the four-ounce jars. The initial temperature of the 
caviar was 70° F. (21° C.). The predominant micro 
organism isolated from the fresh caviar, a diplococcus 
with ill-defined characteristics, was killed in ten minutes 
at 145° F. (63° C.). Greater reliance is placed on the 
fact that no microorganisms developed in experimental 
packs after long incubation at room temperature. Sam 
ples have been held for as long as 30 months at 80° F 
(27° C.) with no microbial spoilage. 


Recommended Procedure 


The following procedure is satisfactory for packing 
Sevruga and Osetrina Russian caviar similar in com 
position and microbial flora to the samples used in this 
investigation : 


1. Clean, sterilize and drain the glass jars and caps to be 
used. Hot jars must not be used as they will coagulate the 
caviar protein. 

2. Fill the cooled jars with caviar and cap immediately. Seal 
the containers under a mechanical vacuum (vacuum 
sealer) of 20 inches or higher. The vapor-vacuum type 
sealer which employes a steam jet cannot be used as it 
coagulates the surface caviar. 

3. Pasteurize in a water bath at 155° F. (68° ¢ for the fol 
lowing times 


Size of Container Time 
1 oz. 30 mi 
2 oz 45 mi 
4 oz. 60 miu 
The water bath must not be below 155° | 68” ( 
above 160° F. (71° C.). The caviar, if filled from trays 
will have a temperature from 50° to 60° F. (10° to 16° C 


which is satisfactory. 
4. Remove jars from water bath and cool immediately in 
cold water or a cold spray. 


[his procedure would lend itself well to the use of 
a continuous water bath processing unit and cooling 
line. 

Storage 

Cool storage of the packed product at 60° F 
(15.5° C.) or lower is desirable and maintains for many 
months the freshness and quality of the canned caviar 
lhe fresh salted caviar for packing should be held at a 
temperature as close to 32° F. (0° C.) as possible 
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Glass-packed Russian caviar held in storage for a 
long time develops whitish irregular spots which re- 
semble mold growth and detract from the product’s 
appearance. 

This investigation shows that these spots consist 
of crystalline tyrosine. The probable causes of this 
type of chemical spoilage are discussed in this paper. 


Introduction 


Russian caviar packed in this laboratory (6) in one 


and four-ounce glass jars, sealed with a vacuum type 


of closure, and pasteurized, was observed to develop 
whitish irregular spots on long storage at room tem 


perature (see Figure 1). Their appearance seemed 





Jars of caviar showing typical white spots that d 
veloped during storage 


to indicate biological spoilage but later investigation 


showed that there was no active growth of any micro 


organisms including molds. Commercial jars of caviar 


were also observed to have developed these undesirabl 
spe ts 


\s a general rule, the various types of caviar are 


characterized by a high protein content. Levine, Fel 


lers, and Barton (6) showed that the caviar used in this 


investigation had a protein content of 23.32 percent 


for the Sevruga type and 28.29 percent for the Osetrina 


type 


Buttenberg (2) reported that the total acidity in com 


mercial samples of caviar in Germany ranged from 4.5 
to 8.4 (expressed as milliliters of normal alkali per 100 


grams). These figures are fairly high, but Hinard (3) 


gave similar figures for 


ommercial products from Rus 


sia, Rumania, and France 


Koenig and Grossfeld (5) investigated particularly 


the nature of the proteins in caviar and found that caviar 
is rich in ichthulin, a protein insoluble in water and i 
Massachusett Agricultural Ex 


eriment Statior 


cT 


ry 


of Massachusetts 


imherst, Massachusetts 


blication, June 16, 1949 


sodium chloride solutions. They also found that tyro- 
sine is the prevalent amino acid in ichthulin. 

Hinard (3) stated that perfectly fresh sturgeon roe is 
odorless and tasteless, and the flavor which develops 
later is the result of a slight “fermentation” or “ripen- 
ing” action 

However, if chemical changes progress too far, the 
product is likely to develop an unpleasant fishy flavor, 
rancid. Although very little is 
known about the chemical changes that take place dur- 
ing the ripening period, Hinard (3) observed a progres- 
sive increase in total acidity and free amino acid con- 
tent. He concluded that these changes seemed to repre- 
sent more of an enzymatic fermentation than a micro- 
biological fermentation 


and become tart and 


Experimental 

Physical and Chemical Examination of Crystals. The 
investigation were bulk 
(setrina and Sevruga types of Russian caviar, packed 
by the authors in one- and four-ounce glass jars, sealed 
\ll samples were of the 
grain type and included a commercial sample which 
also showed this marked discoloration. The jars packed 
in this laboratory were held over two years at a tem- 
(265° CC.) 


samples analyzed in this 


hermetically, and pasteurized 


perature of 8O° | 

Numerous cream-colored spots of one to four milli- 
meters in diameter had developed on storage and could 
he seen on the inside wall of the glass. These discolora- 
tions were also observed throughout the product after 
They were sufficiently numerous 
and noticeable to give the product an objectionable ap- 
laste indicated that the discolored 
product was fairly well accepted in spite of a slight fishy 
flavor which was probably caused by long storage at a 
fairly high tet 


the jars were opened 


pearance tests 


perature 

lhe first impression was that these spots were the 
result of a biological development, possibly a mold 
When observed under low magnification, the 
spots displayed a crystal-like structure; more specifi- 
cally, long thin needles arranged radiantly. The shape 
and arrangement of these crystals resembled the struc- 
ture of tyrosine crystals as reported and pictured by 
and obtained by chemicat 
hydrolysis during the analysis of carp roe. 

Examination of some of the cream-colored material 
under polarized light confirmed the crystalline structure 
and it was found to be similar to pure tyrosine crystals 
in appearance and optical properties when viewed be- 
tween crossed Nicol prisms (see Figure 2). 

Some crystals fairly free of adhering caviar material 
could be obtained from the samples by scraping care- 
fully washed with benzene and 
of adhering material including 
d that these crystals were very slightly 


growth 


Koenig and Grossfeld (35) 


alcoh« | to remove traces 


tat Tests shows 
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minutes’ standing, the cloudy mixture was filter throug! 
paper, vielding a brilliantly clear liquid with slig 
coloration. A mixture of 25 ml. of this liquid ar 75 
water, was titrated with standardized sodiun ide s 
tion, using phenolphthalein as an indicator, until finite pink 
coloration appeared This first result repres t tine t 


acidity of the product 

lo this neutralized solution 10 ml. of a neutral 40 per 
formol solution were added and the formol titrat vas 
pleted as usual. In the above procedure the additi 
water is necessary to minimize the error caused | 
of alcohol 


Results obtained from two different samples 





were as follows: 10.8 and 16.3 ml. N-alkali per 100 
grams for total acidity and 0.227 per cent and 0.283 

per cent amino nitrogen respectively (formal titratiot 

Fic. 2. Tyrosine crystals isolated from glass-packed caviar These results are higher than the upper limits recon 
x100. In polarized light mended by Hinard (3), and even higher than the re 
sults obtained by Buttenberg (2) on mmercial 


soluble in water, and insoluble in ether, ethyl alcohol, 
and benzene, but quite soluble in a dilute solution of samples ‘ : 

sodium hydroxide. Pure |-tyrosine is soluble in alkah, Discussion 
its solubility in water is 0.048 per cent at 77° F . Whether asad not these jars had been packed with over 
(25° C.), and is practically insoluble in the other sol- ripened "Caviar, It Is probable that the ripening pro ess 
vents used above. continued after pasteurization because the tyrosine 


These preliminary observations indicated that these wr stals developed during long storage. A | — a 
crvstals might be tvrosine that had cry stallized out of planation for this is that the proteolytic 1 d lipolytic 
enzymes had not been inactivated by heat during the 


the stored caviar. Some additional tests were con 


ducted on the washed crystals to confirm identification pasteurization process, which is not higher than 155° | 
The needles on ignition gave off a characteristic odor (O5.9° ©.). ; = 
of burning hair which indicates the presence of proteic Cold storage ol processed SSVins SCEMS tO US ig! 
material. No ash residue remained, showing that it was desirable to retard ripening and, me Tats, Was FeCOn 
purely organic matter. The presence of nitrogen was mended by Jacobsen (4) lt is possible wae aeen 4 
also indicated bv a strongly positive Lassaigne test. and practice would reduce considerably the aut: sis whi 
the presence of a phenolic derivative was shown by a takes place at room temperature, and, as a cot — 
positive Millon test. Tyrosine is the only common the cry stallization of tyrosine would not be s es 
amino acid containing a phenol group. However, the —" Because of the marked discoloration at = ee Cooee 
biuret reaction was repeatedly negative indicating the resemblance - the consumer package » Soe 
absence of peptide linkage which showed that the ma spoilage, it iS MNportam to prevent or retard this ada 
terial consisted of a single amino acid. The alpha sine crystallization. This objectionable development 
nitroso-beta naphthol reaction which is specific for heen observed several times in present-day MMe 
tyrosine was positive samples of caviar . 
The presence of tyrosine crystals in fish pastes has Che Peceence a these Spas also indicates that 
been reported briefly by Burrell (7) although no ex product is old and has been improperly stor 
perimental evidence was furnished months 


Chemical Examination of Caviar. At this point in the . Summary 
investigation, it was considered of interest to know how Some samples of glass-packed caviar stored for about 
the product happened to be so rich in tyrosine that it two years at room temperature underwent a crystall 
had crvstallized out tion of tyrosine throughout the product. The examit 
Hinard (3) observed an hydrolysis of both the protein tion of two samples showed an abnormal! igh tot 
and the fat of caviar during ripening. He devised a acidity and tree amino nitrogen content. It gsest 
technique, derived from the formol titration method, that pasteurized samples of caviar be stor 
for determining the acidity and the amino acid content temperatures to prevent this unsightly « 
of caviar. From a number of analyses of good caviar of 
known freshness, Hinard tried to set some standards ; LITERATURE CITED 
he felt that the acidity should not be over 2 ml. of nor 1. Burrect, J. R. Meat and fish pastes. Food 23, 39 (1948 
mal a’xali per 100 grams and formol titratable nitrogen 2. Butrenserc, T. Caviar and derived preparat 
not over 0.05 percent such Nahr u. Genussm. 43 ‘7 (1922) 
rherefore, the acidity and the free amino groups were + Sian mage 4 ee re saetae 
; tion. Fermentation. .dan Fals. Fraudes, 16, 324 (192 
determined according to his technique as follows: 4 laconees. E. Bandbuch fur die Kenacrven-le 
A sample consisting of 20 grams of caviar was thoroughly 1926, Paul Parey, Berlin. pp. 1459 
ground in a mortar, completely crushing the eggs and disinte- 5. Koentic, J., GrossFrevp, J. Fish roe as food f 
grating the membranes, 50 ml. of water were slowly added, and Ztschft. $4, 351 (1913) 
then 50 ml. of alcohol under continuous stirring. The mixture 6. Levine, A. S., Ferrers, C. R., Barton, R. R servati 


was introduced into a flask and vigorously shaken. After a few f Russian caviar by canning. / i 7 4 





Sugars of Citrus Juices* 
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Analyses for sugars in lemon, orange, and grape- sugars after invertase hydrolysis were determined, 


fruit juices by paper chromatography show the pres- 
ence of only sucrose, glucose, and fructose. Their 
identities were confirmed by independent means. Fer- 


without charcoal treatment, by the method of Hassid 
(4). Glucose was determined on the dried orange 


mentation of the citrus juices with Torula monosa solids by a hypoiodite method (11), and fructose was 
after inversion of sucrose removes all traces of sugars. obtained as the difference between total reducing 
Nearly 100% of the solids from deionized lyophilized sugars and glucose. Hesperidin was determined by the 
Valencia orange juice is accounted for by analysis. method of Davis (3) 
Qualitative identification of sugars was done by the 
Because of the lack of qualitative and quantitative method of paper chromatography (6, 7). Aqueous 
knowledge of the sugars in citrus fruits, it was con n-butanol was used as the moving solvent. The tem- 
sidered worth while to use the method of paper chroma perature was 25° C. and the time for development of 
tography (6, 7) in the investigation of this problem the chromatogram was about 20 hours. After the paper 
In this work, glucose, fructose, and sucrose were identi sheets had been dried at 105° C. for 10 minutes, they 
fied by their movements and color reactions on paper were sprayed with Sumner and Sislers’ dinitrosalicylate 
Sucrose was crystallized from orange juice. Glucose sugar reagent (9) and heated again for 10 minutes at 
was oxidized to gluconic acid and identified as its 105° C. The reducing sugars appeared as brown spots 
potassium salt ona yellow background. The positions of sucrose and 
(Quantitative and qualitative analyses for sugars in fructose were revealed by pink spots on a white back- 
fresh juices before and after fermentation with Torula ground after the dried sheets were sprayed with 0.1% 
monosa and after acid hydrolysis are presented. Thi resorcinol in 1N hydrochloric acid solution and heated 
analysis of deionized and lyophilized orange juice solids at 80° C. for 10 minutes. The sugars on the paper 
after removal of alcohol-insoluble barium salts and sheets were identified by authentic samples of known 
treatment with ion exchangers is given sugars as controls. This method is more dependable 


) 


than relying on “Re” values alone. 


Experimental Sugars were fermented from the juices after inver- 
Methods Lemons (Eureka, California grown), tase hydrolysis at pH of 5.0. Packed washed cell sus- 
grapefruit (Marsh, Arizona grown), and oranges pensions of 7orula monosa in phosphate buffer were 


(Valencia, California grown) were burred to remove added to 100-ml. portions of citrus juices at pH 5.0. An 
the juice from the fruits. The juice was strained through amount equivalent to 1.0 ml. of cells was added to 
lemon, 2.5 ml. to grapefruit, and 5.0 ml. to the orange 


juice. Different quantities of cell suspension were re- 


cheesecloth, heated rapidly to 85° C. for one minute, 
and cooled quickly to room temperature. The insolubl 


solids were removed by filtration through paper coated quired to ferment the sugars from these juices in less 


than 40 hours 

(ine hundred milliliters of the sugar-free juices were 
concentrated in vacuo to 25 ml. each and tested quali- 
tatively for sugars before and after hydrolysis in boil- 


with a fine grade of processed diatomaceous silica filter 
aid. This juice was used for the qualitative analysis for 
sugars by paper chromatography. 

For the preparation of lyophilized orange solids, juices 


from the burring machine was mixed with barium cai 1N hydrochloric acid for 1 hour 
bonate, strained through cheesecloth, and then filtered 
through coarse filter paper. Three volumes of 95% Results 
ethanol were then added and the barium salts removed The results of sugar analyses on single strength juices 
by filtration. The filtrate was concentrated to the origi in Table 1 are in agreement with those of Chatfield and 
nal volume in vacuo, decolorized with about 0.2% char 
coal, and filtered using processed diatomaceous silica \BLI 
filter aid. The filtrate was treated with ion exchange strength Citrus Juices 
materials to remove inorganic constituents and this Sugars 
salt-free solution was frozen in solid carbon dioxid Juice l ng ee roe 
isopropyl alcohol mixture, and evaporated to dryness at ee 
m vaci lyophilization produced a light fluffy and ee - eae 
very hygroscopic powder suitable for chemical analysis Orang. 82 0.08 

The soluble solids content of the juice was dete 
mined by the refractometer. Reducing sugars and total MeL aughlis Roberts and Gaddum (8), Widdow- 

son and McCance (1 and Curl and Veldhuis (2). 

E ' Presented bs ee ve Ni a Annual I. F. T. Convention, Sa [he values for reducing sugars and total sugars have 
ee ne ee ee eee : heen corrected for non-sugar reducing substances that 

Bureau of Agricultural and Industrial Chemistry, Agricu : , : 7 . 
etal Waseem A deckeictration 13. & Seunsteaes on haat react wit ert inide under the conditions of sugar 


culture analysis 
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The qualitative tests for sugars are presented in 
Table 2. Paper chromatograms under the conditions 
used are capable of detecting concentrations of sugars 
down to 0.05% ; therefore glucose, fructose, and sucrose 
are present in concentrations above this level. It is of 
interest to note that lemon juice contains a trace of 
sucrose which is not detected by chemical analysis. 


rABLE 2 


Qualitative Tests for Sugars in Citrus Juices by 
Paper Chromatography 


Sugars present 


Four-fold concentrate 


| > 
Juice Single after fermentation 
1 

: | Single strength, 

strength after Before acid After acid 

termentation hydrolysis hydrolysis 

Lemon | Glucose, 
(Eureka, | fructose, None None None 
Calif. grown) and a trace 


of sucrose 


Grapefruit Trace of 
(Marsh Glucose, None None galactose 
fructose, and 
rhamnose * 


Arizona grown) 


and sucrose 


Orange Glucose, frace of 
(Valencia, fructose, None None 
Calif. grown) and sucrose 


galactose, 
glucose, and 
rhamnose 


* Very faint traces of sugars represented by concentrations of 0.05% 
or less, the lower limit for qualitative tests for sugars under these con 
ditions 


After the fermented sugar-free juices were concen- 
trated and hydrolyzed by boiling dilute hydrochloric 
acid, traces of galactose and rhamnose in grapefruit, 
and galactose, glucose, and rhamnose in orange were 
detected, thus demonstrating the presence of small 
amounts of acid-hydrolyzable glycosides. The detection 
of trace quantities of mannose in the presence of large 
amounts of fructose is difficult, since the movements of 
these sugars are closely similar on the chromatograms, 
and both are fermented by 7orula monosa. No mannose 
phenylhydrazone was formed from the juices under 
conditions used for the identification of mannose. Table 
3 contains results of the analysis of deionized Valencia 
orange solids, where nearly 100% of the material is 
accounted for by these analyses. 

TABLE 3 


Analyses of Deionized and Lyophilized Valencia Orange Juice Solids 


1946 fruit 


1947 fruit 
co on 


€ o 
Sucrose 52.8 41.0 
Glucose 20.0 21.0 
Fructose 16.0 21.0 
Hesperidin 0.60 0.60 
Protein 2.3 1.9 
Ash 0.10 0.10 
Moisture 9.2 12.6 
Total accounted for 101.9 98.2 
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The presence of sucrose is confirmed by the refrac 
tive indices of its crystals obtained from orange juice 
(N, 1.540, N, 1.567, N. 1.572). Glucose was 
confimed by oxidizing the liquor from the sucrose 
crystallization using the Moore and Link (5) method 
The resulting gluconic acid was converted to potassium 
gluconate, melting at 180° C., identical with that of an 
authentic specimen. 

Summary 

Paper chromatography was used to demonstrate the 
presence of glucose, fructose, and sucrose in citrus 
juices. The presence of sucrose was confirmed by its 
cry stallization and optical pr yperties. (;lucose was con 
firmed by its conversion to potassium gluconate. Fruc 
tose was identified by its color reactions with resorcinol, 
and its stability to hypoiodite. 

Fermentation with Torula monosa completely re 
moves sugars from citrus juices. Trace quantities of 
acid-hydrolyzable glycosides, containing galactose and 
rhamnose in grapefruit and these plus glucose in orange 
juice were detected by paper chromatography. Nearly 
100% of dry deionized Valencia orange solids was ac 
counted for by chemical analysis 
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Introduction 


In view of the low numbers of putrefactive anaero- 
bic spores in commercial meat products, a most prob- 
able numbers technique was found to be the most 
satisfactory method for determining spore incidence. 
This method was used to make counts of samplings 
from a large number of fresh, cured and processed 
samplings of pork luncheon meat. At the same time 
comparison studies were made of three liquid anaero- 
bic media selected for subculture. 


Sterilization periods advocated by laboratories con 
nected with the canning industry assume the presence 
of heavy loads of putrefactive spores and spoilage or 
ganisms in meat products prior to heat processing. On 
the other hand, it is known that lower sterilizing values 
result in canned meats having more acceptable flavor 
and possibly better nutritive values as well. Since most 
non-acid canned foods are processed to sterilizing values 
in excess of F, == 2.78, Ecklund, et al. (2) state that 
packers of luncheon meat using sterilizing values lower 
than this figure rely to some extent on the bacteriostatic 
effect of curing agents and a rigid program of plant 
sanitation to prevent losses through spoilage. The pos 
sibility that the spores associated with the product can 
germinate must be fully considered before any lowe 
sterilizing value can be adopted. 

It would be desirable to have quantitative data on the 
incidence of putrefactive anaerobic spores in meat be 
cause of their role not only in spoilage but in food 
poisoning as well. Adajian and Gardner (/) noted 
that the packer is limited to those cooking processes 
which sterilize the product but do not injure its ap 
petizing quality. They emphasized that packers must 
compute the thermal process to destroy the normal 
amount of contamination and then add a minimum 
safety factor. Compilation of data pertaining to th 
incidence of putrefactive anaerobic spores in meat 
might be taken as a base line from which adequat: 
processes could be derived. Only then would a logical 
investigation be possible which could lower thermal 
processes to a level that would: (1) yield a meat with 
maximum nutritional and organoleptic qualities and at 
the same time (2) destroy Clostridium botulinum 
spores, and (3) give a minimum spoilage of the finished 
product 
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Harriman, et al. (5), using liver infusion broth as a 
substrate, indicated spore loads to be very light in the 
plant in which their study was conducted. Whether this 
condition prevails throughout the industry is not 
known. The question regarding the incidence of viable 
anaerobes in fresh and in cured meat therefore is of 
great concern. Methods of sampling and media for 
subculture are of prime importance in obtaining satis- 
factory data regarding surviving organisms. 

(he primary objective of this investigation is to 
obtain an estimate of the normal load of putrefactive 
anaerobic spores present in a commercially-prepared 
comminuted meat. Secondarily, it is hoped that any 
data acquired here might be utilized as a partial basis 
for computation of more proper heat proceses. Stumbo, 
Gross and Vinton (9) stated the point quite well when 
they maintained that a convenient, inexpensive method 
was urgently needed for determining, by routine exami- 
nation of the meat to be canned, the heat processes 
necessary to prevent spoilage of the canned product. 
Further, studies concerning the influence of various 
factors upon the thermal resistance and growth of 
bacteria in meat should aid materially in establishing 
heat processes that are sufficient to prevent spoilage of 
| product and that allow meats to be processed 
with a minimal loss of organoleptic and nutritional 
values 


the cannec 


Experimental 

Meat sample s were collected from 750 Ib. lots of pork 
trimmings that had been mixed as thoroughly as com- 
mercially feasible. Plans called for sampling: (1) 
freshly ground pork trimmings, (2) cured but not heat 
processed product and (3) finished product. This se- 
quence could be modified to include other desired 
points on the finishing line. One to two pound repre- 
sentative samples were obtained at each stage, reground 
through a KitchenAid K-4B meat grinder and mixed 
thoroughly for ten minutes with the KitchenAid mixer. 

\ sterile chamber (4’ x 4’ x 2’) similar in some de- 
tails to that devised by Wise (10) was used during 
inoculation in order to reduce air-borne contamination 


(See Fig. 1). As this sterile case was part of a general 
hood system it contained ventilation outlets and a 
sliding glass front. The ventilation outlets were 


plugged with cotton and rubber gasket-material was 
fitted across the front between the frame and the 
movable window. One 15 watt germicidal ultra-violet 
lamp was installed on either side of the chamber and 
during a “run’’ remained lit except when meat or or- 
ganisms were exposed. Entrance to the sterile-case was 
gained by inserting the arms through the sleeves of a 
lannel apron fitted to the lower part of the 
window. Each day, before the start of an experiment, 
the chamber was swabbed with mercuric chloride 


, 
solution 


sterile f 














Fic. 1. Inoculating chamber used for stuffing meat into tubes. 


Yesair’s liquid pork extraction, beef liver infusion 
and Difco thioglycollate media were compared in an 
attempt to determine if one of the substrates con 
sistently would give the highest recoveries of putre 
factive anaerobic spores from meat products. To 
Yesair’s pork extraction, 0.1% soluble starch and 
0.5% sodium thioglycollate were added. This modified 
Yesair’s medium duplicated the substrate used by 
Wynne and Foster (7/7). Beef liver infusion medium 
was prepared in accordance with directions given in the 
Manual of Methods for Pure Culture Study of Bac 
teria (1946). Difco thioglycollate medium ( Linden’s 
modification) was used in the commercially prepared 
form except that 0.107 soluble starch was added 

Two methods, one gravimetric and the other volu 
metric, were used with the Yesair’s medium. Before 
making gravimetric determinations, sterilized test tubes 
were weighed on a torsion balance. Then twenty to sixty 
replicate amounts of ten, one and one-tenth gram of 
meat were transferred to the tared tubes. A larger 
number of replicate tubes were employed when greater 
precision was desired. A calking gun was used to 
transfer the proper amounts of meat. After the tubed 
meat had been weighed to an accuracy of + 5°@, sterile 
medium was added at a ratio of ten parts of medium to 
one part meat. 

Care was taken to avoid entrapping air in the tubed 
meat. Attachments of the calking gun were designed to 
reach to the bottom of the different sized tubes. This 
gave a more solid pack and tended to prevent meat from 
remaining on the sides of the container. Prior to addi 
tion of the medium, each tube was sharply shaken to 
force air bubbles from the meat. 

Later, a volumetric method, wherein 70 g. of meat 
were mixed with 280 ml. of physiological saline (0.85% 
NaCl) for ten minutes in a Waring Blendor, was em 
ployed rather than the tedious gravimetric procedure 
Quantities of meat equivalent to those weighed were 
prepared by addition of appropriate amounts of the 
mixture to the Yesair’s medium so as to give a final 
ratio of one part meat to ten parts liquid. 

For tests with Difco thioglycollate or beef liver in 
fusion medium, mixing was performed in the same 
manner as for the volumetric method given above. In 
both cases five replicate 5 ml., 0.5 ml., or 0.05 ml. quan 
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ble numbers” tables. Microscopic examination was 
made of positive and doubtful tubes. 


Results and Discussion 

Methods of sampling and media used for subculture 
are of considerable importance in determining the inci 
dence of putrefactive anaerobic spores in meat products 
Preliminary trials with various methods indicated that 
only the dilution methods provided a convenient means 
for counting anaerobic bacterial spores in communuted 
meat. The necessity for determining viable spores, the 
low spore populations and the character of the meat 
excluded the possibility of using direct or proportional 
microscopic counts, turbidimetric readings or othe 
methods proposed for enumeration of microorganisms 
by indirect means. 

Representative methods employing liquid or solid 
substrates were compared. Several anaerobic plating 
methods, including a modified Krumwiede-Pratt plate 
and a slide-coverglass technic developed by Steinkraus 
and Ayres (&) did provide methods for enumerating 
viable anaerobic spores on the basis of colony formation 
However, the spore loads of meat products examined 
in this study were so low that anaerobic plate counts 
were not thought to be reliable. 

From a number of liquid media, three were selected 
for comparison studies to determine whether one of 
the substrates yielded consistently higher recoveries 
than were obtained by either of the other two. One of 
the three media chosen, a modified Yesair’s liquid pork 
extraction, was found by Wynne and Foster (//) to 
give better germination of anaerobic spores than did 
any of the other media that they tested. The second 
medium, beef liver infusion, has been employed by 
workers (5) in determining base line data on the pres 
ence of heat resistant putrefactive spores in meat 
products. The modified Difco thioglycollate medium 
was selected as the third substrate in view of the excel 
lent results obtained with it in this laboratory. 

Table 1 shows a larger number of positive tubes in 
0.1 g. samples than in 1 g. or 10 g. samples of the sam 
meat. Ordinarily a hundred-fold decrease would b 
expected from 10 g. to 0.1 g. Errors in sampling might 
account for some variation, but with the large numbet 
of subcultures, such deviation would be lessened. Also, 
since a standardized procedure was adopted, errors in 
sampling were minimized. 

\nother possibility for such discrepancy was dilution 
of the inhibitive factor or factors upon addition of larget 
amounts of medium. The curing agents involved pre 
viously have been shown to exert some _ bacteriostati 


rABLI 
hitor Fect S Wi rn 
Spore linpr Vf 
* 4 * 
le nm 3 c 
neat r 
m r 
r at 


Number of tubes showing 


putrefactive anaerobic s1 
Probable number of positive 
tubes expected with n n 
hibition in 1 gm. sample 


effect in prepared media. In Table 2, it may be seen 
that the number of positive samples increased with 
greater dilution of the meat. No significant change was 


noted bevond a meat-medium ratio of 1:10, which was 


rABLE 2 
Uf Vedium Ratio on Germination of 
itrefactt fnacrohtc Spores 
rial 1 Trial If 
DD t 
1:1 1:20 }1:15 |} 1:10] 3:1 
> 
N umbe t g | 
a ; 40 1) 20 20 | 20 
Numl f | 
showing 
' } Ss ; 9 1¢ 12 | 0 
nositit 7.5 45 50 60 | 0 


in good agreement with Yesair and Cameron (12, 13) 
who found that diluting the cured meat with eight 
volumes of liquid (medium) apparently reduced the ef- 
fective salt concentration below the stage of inhibition. 
Less inhibition was apparent in the fresh uncooked 
trimmings than in the cured product as indicated by the 


data shown in Table 3 


m Ratio on Germination 


I 1 j 
, " 0) 40 40 | 40 
| 
N ‘ | 
s 4 lé 18 14 | 8 
sit F 40 45 35 ”) 


lable 4 indicate a fairly wide variation in 
determined by the individual medium 
used to test that product. There are a number of possi- 


Results i 


spore loads 


ble explanations for the differences in count. Yesair’s 
medium was used by one worker while the liver in- 
fusion and Difco thioglycollate substrates were em- 
ployed by another. Twenty replicate tubes were utilized 


1 1 


at each of the three dilutions when determining proba- 
ble numbers of spores in meat cultured in Yesair’s pork 
extraction while only five replicates were used at each 
dilution when testing with either of the other two 
media 

lwo factors govern the choice of the number of tubes 
of each dilution to be employed in each experiment. 


rTABLI 
mparatit ts per l Luncheon Meat Inoculated into 
rtractior Beef Liver Infusion (L), 
D) Medium 
Heat Processed 
Fr Cured Product 
Samy I g lrimmings (165° F. for 
N 3-4 hrs.) 
| i Y L D 
78 53 0 0“ 
79 45 37 
4 61 9 0 20 
325 45 20 
4 0 1000 120 330 
7 1600 460 170 
4 
Eight t were made with Yesair’s medium 


g fresh tr t , 44, 65, 14, 8, 66, 16 
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First, greater precision is obtained with increased num- 
bers of tubes. Second, a sufficient number of negative 
tubes must be present to indicate any difference in 
count between the control and the inoculated meat. 
Halvorson and Ziegler (4) have shown that with 
twenty tubes in each of three dilutions, deviations from 
the mean which will include 97% of the data are re- 
spectively 48% below and 75% above, while, with five 
tubes, deviations of as much as 70% below and 260% 
above the mean may be expected. 

The mixing operation was considered sufficient to 
give a homogenous sample by macroscopic standards. 
If spores localize in definite components of the meat 
(e.g., in the fat) or in certain areas, adequate mixing 
would require more serious study and special con- 
sideration. 

The percentage distribution frequency of spore 
counts obtained with the three media (See Table 5) 


rABLE 5 
Percentage Distribution Frequency of Spore Counts per 100 g. Luncheon 
Meat Inoculated into Yesair's Pork Extraction (Y), Beef Liver 
Infusion (L), or Difco Thioglycollate (D) Mediums 


| Heat Processed 
Product 


Fresh Cured 


No. of spores Trimmings Trimmings 


per 100 g. meat 


Y I D Y L dD y L D 


0-16 8 22 50 38 11 17 45 22 
10-100 9 67 »? so 12 56 58 33 45 
> 100 33 Sé 0 sn 33 25 22 33 


failed to demonstrate better germination of spores with 
any of the media employed. It should be mentioned 
that, while the media were equally satisfactory, Yesair’s 
pork extraction and beef liver infusion were subject to 
the following drawbacks: (1) preparation tedious and 
time consuming, (2) difficulty of removing all or 
equivalent amounts of fat, (3) variations in meat avail- 
able and (4) presence of a precipitate after autoclaving. 
On the other hand, Foster and Wynne (71) have indi- 
cated that different batch lots of commercially pre- 
pared media may also vary in composition. Insofar as 
comparative levels of fat or other components are con- 
cerned from animal to animal, less variation would be 
expected if large amounts were prepared. 

It was not practical to collect samples from the same 
trimmings in the fresh, the cured and the processed 
state. Results shown in Table 5, therefore, do not indi- 
cate reduction or growth of bacteria during the various 
stages of processing. 

Since these results represent inoculation and_ study 
of over 5600 tubes for a period of six months, they 
give a general indication of the number of putrefactive 
anaerobic spores that were recovered from fresh, cured 
and processed tr.mmings from one commercial meat- 
packing plant. It is interesting to note that with two 
exceptions the largest percentage of probable spore 
counts was less than one per gram. Fresh trimmings 
cultured in Difco thioglycollate and cured trimmings 
inoculated in beef liver infusion gave 56% and 50%, 
respectively, of their spore loads in the range 110-2400 
per one hundred grams or 1.1-24 per gram. The 
largest number of organisms recovered in this study, 
as determined from positive tubes of Yesair’s pork 
extraction medium, represented 30 spores per gram. 

In a further attempt to determine the suitability of 


the volumetric method for spore counting and recovery, 
a number of determinations were made on fresh, cured 
and processed luncheon meat to which a definite load of 
P. A. 3679 spores were added. In these studies, only 
slightly better recoveries were reported for the gravi 
metric procedures than for the volumetric method. The 
average percentage recovery of artificially inoculated 
spores of P. A. 3679 from fresh trimmings was 73.5% 
while from cured trimmings it was 40.2% and from 
the commercially sterilized 12 oz. pork luncheon tins it 
was 96%. As the load of spores introduced was rathet 
small, there was rather wide variation in percentage 
recoveries obtained among individual samplings 


Summary and Conclusions 

\n investigation was made to develop a convenient 
method for determining the incidence of putrefactive 
anaerobic spores in a comminuted meat product 

Dilution of the cured product with ten volumes of 
medium lowered the effective concentration of the 
curing salts to a point below which spore germination 
was not inhibited by these agents. With this as a basis, 
two methods were developed for determining the inci 
dence of these spores in meat. One method used was 
gravimetric while the other was volumetric. In the 
ranges investigated results by the two methods were 
comparable. 

Counts were determined on the fresh, cured and 
processed pork luncheon meat produced by commercial 
meat-packing plants. Spore counts in the meat sam 
pled during this study were so low that only a most 
probable numbers counting technique and liquid media 
gave reliable results. These counts were determined by 
comparison of positive tube combinations with for 
mulae or charts provided for that purpose. Of the 
various media examined, three were selected for com 
parison studies to determine if one would consistently 
give highest spore recoveries from meat. No appreciable 
differences were shown. 

To test the effectiveness of the counting methods, a 
standard spore suspension of P. A. 3679 was inocu 
lated and mixed with pork luncheon meat 
inoculation was one spore per gram of meat, a load con 


lhe level Ol 


sidered to represent conditions in this type product 
(ood recoveries were obtained. 

A large number of determinations were made on 
samples of the fresh, cured and processed product. The 
average load of putrefactive anaerobic spores found in 
the product was less than one spore per gram. No 
appreciable difference was observed in the counts ob 
tained from the three sampling points 
process used in this study for six-pound cans of pork 


luncheon meat did not produce a noticeable decrease 


he thermal 


in the putrefactive anaerobic spore populatior 


LITERATURE CITED 
1. Apaytan, A., AND Garpner, B. W. Processed meats. Quatr 
termaster Food and Container Institute for the Arms 
Forces. Vol. 7, Pt. |. Refer to p. 10 (1946 
Ecx.unp, O. F., Roperts, H. L., anp Benyamin, H. A 
Tests reveal faulty retorting practices. Food. Jnd., 14, 62 


(1942). 

3. Hatvorson, H. O., ann Zrecier, N. R. Quantitative B 
teriology. 1933. p. 1-64. Burgess Publishing | Mint 
apolis 





ual 


med 


INCIDENCE OF PUTREFACTIVE ANAE 


4 Application of statistics to problems in 
bacteriology. III. A consideration of the accuracy of di 
lution data obtained by using several dilutions. J. Bact., 
26, 559 (1933). 

5. Harriman, L. A., Det Giupice, V. J., SHinn, B. M., AND 
Hansen, R. The incidence of putrefactive anaerobes in 
pork, Paper delivered to the Society of Illinois Bac 
teriologists’ fall meeting. Peoria, Ill. October 15, 1948 
(Abstract of paper with meeting notice). (1948). 

6. Hoskins, J. K. The most probable number for the evalua- 
tion of coli-aerogenes by fermentation tube method. U.S 
Public Health Repts., 49, Rept. No. 1621, 393 (1934). 

7. Octcvy, W. S., Burke, M. V., ano Ayres, J. C. A practi 
cal method for obtaining and maintaining controlled 
atmospheres. /n Preparation. 

8. STEINKRAUS, KeItH H., AND Ayres, J. C. A slide cover 


ROBIC SPORES IN MEAT PRODUCTS 25 


glass method for cultivating and counting anaerobes. J. 
Bact., 57, 475 (1949). 

9. Stumso, C. R., Gross, C. E., anp Vinton, C. Bacteriologi- 
cal studies relating to thermal processing of canned meats. 
Food Research, 10, 260 (1945). 

0. Wise, R. I. The Survival of Micro-organisms in Canned 
Meat. Unpublished Ph.D. Thesis. Champaign, Illinois, 
University of Illinois Library (1942). 

ll. Wynne, E. S., ano Foster, J. W. Physiological studies on 
spore germination with special reference to Clostridium 
botulinum. 1. Development of a quantitative method. J. 
Bact., 55, 61 (1948). 

12. Yesatr, J.. anp Cameron, E. J. Studies in processing 
canned meats. The Canner, 90, Pt. 11, 78 (1940). 

13. . Inhibitive effect of curing agents on 
anaerobic spores. The Canner, 94, Pt. I1, 89 (1942). 


Industrial and Legal Viewpoints 
Application of the Federal Food, Drug, and Cosmetic Act to 
Food Raw Materials Bearing Chemical Residues* 
McKAY McKINNON, JR. 


Food and Drug Administration, San Francisco, Calif 


(Received for publication, August 1, 1949) 


The history of chemical residue tolerances is re- 
corded. Applicability of the Federal Food, Drug and 
Cosmetic Act to foods bearing toxic insecticidal resi- 
dues is explained. Current data on chronic toxicities 
of new insecticides are included. The philosophy of 
consumer protection is discussed. 


It is my purpose today to deal with the history of 
tolerances for chemical residues on foods as developed 
in enforcing the Food and Drugs Act of 1906 only to 
the extent that such data will provide illuminating back- 
ground to those sections of the Food, Drug, and Cos- 
metic Act of 1938 which deal directly with the problem 
of added poisons in or on foods. 

When the Food and Drugs Act of 1906 became law, 
there had not developed in the United States areas of 
concentrated production and intensive cultivation which 
subsequently enabled certain insect pests to outstrip 
their natural enemies and to wrest control of growing 
crops from the farmer and orchardist. By 1915, how- 
ever, several bureaus of the United States Department 
of Agriculture recognized that remedial measures of 
extermination and prevention, rapidly becoming neces- 
sary on an organized basis to bring pomaceous fruits 
to successful harvest, might create a serious consumer 
hazard. 

The Bureaus of Chemistry, Entomology and Plant 
Industry of the United States Department of Agricul- 
ture therefore embarked in 1915 on a long-range, joint 
study of spraying procedures to determine if spray 
schedules for various fruits and vegetables as recom- 
mended by the United States Department of Agricul 
ture and its state counterparts could, if carefully fol- 
lowed, result in products which at market time, would 
bear poisonous chemical residues in quantities sufficient 
to endanger the health of consumers. These studies were 
published under the title “Poisonous Metals on Sprayed 

* Presented before the Ninth Annual I. F. T. Convention, San 
Francisco, Calif., July 11, 1949 


Fruits and Vegetables,” Bulletin No. 1027, Bureau of 
Chemistry, U. S. Department of Agriculture, 1922. 
The report carried the conclusion that, provided proper 
schedules were followed, harvested crops should bear 
residues which would be insignificant from the stand- 
point of danger to health. Meantime, however, there 
were appearing on the market in ever increasing quan- 
tities foods which carried arsenical residues in hazard- 
ous amount. Since no comparable large scale studies 
had been made in the United States, the investigations, 
reports, and recommendations of the Royal Commission 
set up in England after the famous poison beer outbreak 
at the turn of the century, were studied and the Com- 
mission's tolerances were tentatively utilized as adminis- 
trative guides in determining whether or not a product 
bearing residues would be deemed potentially dan- 
gerous to health : 
Thus the tolerance for arsenic used by the U. S. De- 
partment of Agriculture at the outset was 0.01 gr./Ib. as 
\s,O,. This advisory figure was supplanted by a tem- 
porary tolerance announced by the Secretary of Agri- 
culture in February 1927, of 0.025 gr./lb. as As,Q,. 
[he Secretary arrived at this figure in weighing the 
recommendations of a conference of distinguished tech- 
nologists and physiological chemists, including such 
notables as Dr. Reid Hunt, Dr. Haven Emerson, and 
Dr. Carl Voegtlin, against what industry could accom- 
plish at that time. The figure was set with the idea of 
reducing the tolerance as promptly as possible to the 
British figure or so-called World Tolerance of 0.01 
gr./lb. Early in 1928 it became obvious that the World 
lolerance could not be met with cleaning equipment 
then available, and the U. S. Department of Agricul- 
ture issued a notice to growers of apples and pears 
setting the tolerance for that year at 0.02 gr./lb. as 
\s,O,, but indicating that the figure would be reduced 
to the so-called World Tolerance in 1929. In 1929 there 
was a considerable agitation for continuation of the 0.02 
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figure, but in April the Department of Agriculture 
issued a notice setting the figure for 1929 at 0.017 gr./Ib. 
as As,O,. In 1930 the figure was set at 0.015 gr./lb. In 
1931 the figure was set at 0.012 gr./lb. with a statement 
that the World Tolerance for arsenic would be adopted 
in 1932, and in 1932, as forecast, the tolerance was set 
at 0.01 gr./lb. as As.O, for that year. 

Up to this time there had been no announcement on 
lead, although compounds of this metal were recog- 
nized as poisons and the arsenate had been widely used 
for spraying purposes. Further, as methods of cleaning 
fruit improved, particularly with the development of 
the Henry Washer, it was considered that an acid wash 
sufficient to strip arsenic from fruit would also strip 
lead. However, as alkali washes began to replace acid 
washes, it became necessary to consider the lead prob- 
lem separately. In April 1933, the U. S. Department of 
Agriculture announced a tolerance for lead at 0.012 
gr./lb. as Pb. and repeated the announcement of the 
arsenic tolerance of 0.01 gr./lb. By this time another 
weapon had been added to the orchardist’s armamen- 
tarium and the Department also issued its first warning 
on the use of fluorine sprays. In June of 1933 the lead 
tolerance was relaxed to 0.02 gr./lb. as Pb. and a toler- 
ance for fluorine was set at 0.01 gr./lb., with the warn- 
ing that the lead tolerance would be reduced in 1934. 
In December of 1933 tolerances for the year 1934 were 
set as follows: Arsenic—0.01 gr./lb. as As,O, ; Lead 
0.019 gr./lb. as Pb.; Fluorine—0.01 gr./Ib. as F. In 
January 1935 these tolerances were repeated with the 
exception that the tolerance for lead was reduced to 
0.018 gr./lb. as Pb. These figures, 0.018 gr./Ib. for 
lead, 0.01 gr./lb. for arsenic, and 0.01 gr./lb. for fluor- 
ine, remained in effect throughout the remaining life 
span of the Food and Drugs Act of 1906. All announce- 
ments were directed to growers of apples and pears and 
those fruits only. It should be kept in mind that these 
tolerances as announced by the Secretary of Agriculture 
from time to time, and as utilized in the enforcement of 
the Food and Drugs Act of 1906, were advisory only. 
In every contested action involving added poisons, such 
as poisonous residues on apples and pears, it was neces- 
sary to demonstrate in civil cases by a preponderance of 
evidence, and in criminal cases beyond a_ reasonable 
doubt, that quantities of poisonous residues in excess of 
these figures were in fact potentially dangerous to 
health. In assuming the burden of proof in this field, 
the agency enforcing the Food and Drugs Act of 1906 
took as its authority for extending the limited protection 
afforded by that law, the opinion of the Supreme Court 
of the United States in the Lexington Mill and Elevator 
case (232 U.S. 399.) In the first seizure to be con- 
tested, apples and pears were involved. The Govern- 
ment in 1926 seized several thousand boxes of these 
fruits, shipped from Oregon to Illinois, alleging that 
they bore excessive quantities of arsenic compounds 
and lead compounds which rendered the articles poten- 
tially injurious to health. In turning this case over to 
the jury the Court, in harmony with the Lexington Mill 
and Elevator case, instructed the jury as follows: 

“It is not required that the article of food containing added 
poisonous or added deleterious ingredients must affect the pub- 
lic health and it is not incumbent upon the Government, in order 
to make out a case, to establish that fact. The Act has placed 
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upon the Government the burden of establishing, in order to 
secure a verdict of condemnation under this statute, that the 
added poisonous or deleterious substance mentioned must be 
such as may render such article injurious to health. The word 
‘may’ is here used in its ordinary and usual signification, there 
being nothing to show the intention of Congress to affix to it 
any other meaning. In thus describing the offenses, Congress 
doubtless took into consideration that foods may be used in 
many ways. It may be consumed when prepared as a food, and 
as has been spoken of here, by the strong and weak, the old 
and the young, the well and the sick, and it is intended that if 
any food, because of any added poisonous or other deleterious 
ingredient may possibly injure the health of any of them, it 
shall come within the ban of the statute... .” 

The jury returned a verdict for the Government 

There is no need at this late date to go into the prob- 
lems which beset growers and enforcing officials in their 
attempts to solve the complex problem of poisoning 
pests without poisoning people. There was much bitter 
ness on the part of growers at one time, but by the mid- 
dle Thirties most of the technical problems of spray 
removal had been solved and by 1938 it was only rarely 
that it became necessary to seize apples or pears because 
they carried excessive chemical residues 

This, then, was the situation at the time of the pas- 
sage of the Food, Drug, and Cosmetic Act of 1938. The 
Secretary of Agriculture had through the years set up 
advisory and administrative tolerances for residues of 
the compounds of arsenic, lead and fluorine on apples 
and pears. The courts had generally supported the 
views of the enforcing agency as buttressed by the ex- 
pert testimony of outstanding pharmacologists and 
physiological chemists. A general acceptance of con 
sumer protective measures in the field of added poisons 
was to be noted. However, the fact remained that the 
tolerances so set had no foundation in law but were 
subject to requirement of proof in each and every case 
of contest, civil or criminal. Furthermore, the explora 
tory operations of the enforcing agency in this field 
necessarily by-passed the conjectural aspects of the 
potential intake of added poisons from many sources. 
This became a real problem with the development of 
data which indicated that the compounds of fluorine 
might prove to be extremely effective in preventing 
dental caries in children, and the increasing use of 
such compounds for this purpose. 

The complete history of poisonous chemical residues 
from 1915 to date was available to the Congress in its 
consideration of the many measures presented to it from 
which eventually Senate 5 emerged to become the law 
of the land on June 25, 1938. The Congress undertook 
to incorporate in the bill as passed, safeguards con- 
sistent with the overall consumer protection features 
which keynoted the proposed legislation. 

Food raw materials are by definition foods. Section 
201(f) of the Act states that the term “food’’ includes 
articles used for components of any such article. Sec 
tion 301(a) forbids the introduction or delivery for 
introduction into interstate commerce of any food that 
is adulterated or misbranded. Section 301(b) forbids 
the adulteration or misbranding of any food in inter- 
state commerce. Section 301(c) forbids the receipt in 
interstate commerce of any food that is adulterated or 
misbranded and the delivery or proffered delivery there- 
of for pay or otherwise. Section 402(a)(1) provides 
that “a food shall be deemed to be adulterated if it 
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bears or contains any poisonous or deleterious sub 


stance which may render it injurious to health; but in 
t é 


case the substance is not an added substance such food 
shall not be considered adulterated under this clause it 
the quantity of such substance in such food does not 
ordinarily render it injurious to health.” This means, 
of course, that a natural poison must be present in 
such quantities as to constitute a potential menace to the 
public health. Section 402(a)(2) on the other hand 


reads: “.\ food shall be deemed to be adulterated 1f it 


bears or contains any added poisonous or added de 
leterious substance which is unsafe within the meaning 
of section 406." Section 405(a) reads: “Any potson 
ous or deleterious substance added to any food, except 
where such substance is required in the production 
thereof or cannot be avoided by good manufacturing 
practice shall be deemed to be unsafe for purposes ot 
the application of clause (2) of section 402(a); but 
when such substance is so required or cannot be so 
avoided, the Administrator shall promulgate regulations 
limiting the quantity therein or thereon to such extent 
as he finds necessary for the protection of public health, 
and any quantity exceeding the limits so fixed shall 
also be deemed to be unsafe for purposes of the applica 
tion of clause (2) of section 402(a). While such a 
regulation is in effect limiting the quantity of any such 
substance in the case of anv food, such food shall not, 
by reason of bearing or containing any added amount of 
such substance, be considered to be adulterated within 
the meaning of clause (1) of section 402(a). In deter 
minis the quantity of such added substance to b 


tolerated in or on ditterent articles of food the Adminis 


1g 


trator shall take into account the extent to which the 


} ttel 


substance is required or cannot be avoided 
in the production of each such article, and the other 
ways in which the consumer may be affected by the 
same or other poisonous or deleterious substances.” 
Che legislative history of tl 


clear the fact that ‘ ongress intended that protection oft 


lese sections makes very 


the public in this field be as nearly as possible absolute 


The Food and Drug Administration was transferred 
by Presidential Order from the U. S. Department of 
\griculture to the Federal Security Agency about two 
years after the passage of the Food, Drug, and Cos 
metic Act of 1938. Under section 406 the Adminis 
trator of the Federal Security Agency held hearings 
and set up a tolerance for fluorine in 1944. In his 


“Findings of Fact’ the Administrator teok into con 


sideration the physical and systemic effects of fluorine 


on humans, particularly in the light of the quantities of 


fluorine which might be ingested on a total basis 
various sections of the United States. The Adminis 
trator also took into consideration the possibility that 
certain drugs might render fluorine more toxic t 
humans as they demonstrably rendered fluorine more 
toxic to laborator nimals He then announced a 
tolerance I flu rine in terms of the element for apple S 
nd pears as “not t eed 7 milligt s per kilo « 
each sucl it’ « tole ct / parts per milli 
This figures t O49 gr./lb e regulat 
establishing this tole ( Vas 11 ilidated by 1 de 
cision of the Ninth | Court of Appeals 

During v ears it s se, physi 1 
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possible to hold the hearings necessary to establish 
tolerances designed fully to meet the aims of Congress 
as set forth in section 406(a) of the Food, Drug, and 
Cosmetic Act. After the termination of the war, the 
Food and Drug Administration began preparations to 
reopen hearings and set up tolerances under the law 
for a variety insecticides which were coming into 
extensive use. This brought to light a series of serious 
complications. During the war a large number of new 
and very potent insecticides had been developed. Little 
was known about their toxicity, either to the person 
who applied the sprays or to the consumer who ate 
the finished product which bore or contained their resi- 
dues. In some instances we lacked methods for accurate 
estimation of the residual spray left on or absorbed by 
the food product. We were unable to conclude whether 
the residues remained intact, whether they underwent 
alteration by: weathering to become non-toxic or more 
toxic, whether they could be removed by washing, or 
whether they were absorbed into the plant structures 
and could not be removed, or whether indeed they 
might translocate within the plant and appear in dan- 
gerous concentrations in different portions of the plant 
and its fruit. We just didn’t know enough about 
many of these insecticides to hold hearings and estab- 


lish sate tolerances 

lwo toxicological factors are involved in the con- 
sideration of insecticide. The first is the possibility 
of acute poisoning; the second is the possibility of 
chronic poisoning. Since acute poisoning is usually a 
worker hazard and can be avoided through the use of 
proper care the application of sprays and dusts, that 
problem has not occasioned too much concern from the 
standpoint of enforcing the Food, Drug, and Cosmetic 
\ct. However, grave concern is properly expressed 
over the possibilities of chronic poisoning resulting from 
the long-time consumption of minute amounts of a 
poison whicl iy eventually build up in the system to 
produce serious physical disturbances. This type of 
chronic poisoning may be called cumulative poisoning. 
It has been recognized for many years that arsenic and 
lead ounds had this unfortunate propensity. We 
are just beginning to acquire knowledge, however, 
about the cumulative toxicity of a few of the newer in- 


secticides. | not spend time today on interim re- 


ports of toxi gical studies which have been conducted 
by the Food and Drug Administration for the past 
sevetTa years 1 seeking the answers to the questions 
raised above, but will devote this time to a brief dis- 

ssion of our latest information and present views on 
several of the newer insecticides which have come to 
he rathet1 Wide ised 

DDT 

DDT | ed to be a tremendously useful pesticide in 
World War II. Its use undoubtedly saved the lives of 
many members of the Armed Forces who otherwise 
would have succumbed to typhus and malaria. There 
vas no question even at that time but that DDT was 
poisonous W orl i! the laboratories of the Public 
Health Sx | the | | and Drug Administration, 
done at the the military authorities, proved 
that, but the uss DD is a reasonably calculated 

ilitary risl vas based on the premise that the 
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use of DDT by the troops, while in fairly heavy ex- 
posure, would not be long continued: the cumulative 
poisoning hazard would be low. Since the war DDT 
has assumed prime rank as an extremely effective in- 
secticide. With its expanded use in many fields there 
has developed, of course, an increasing danger of ex 
posure by the general public to small but frequent 
quantities of this product from many sources and over 
long periods of time. This brings the hazard of cumu- 
lative effect to the front. In discussing DDT at a recent 
meeting of the American Chemical Society, Dr. A. J. 
Lehman, Chief of the Division of Pharmacology of the 
Food and Drug Administration, stated: “Further 
studies on the accumulation of DDT in body fat re- 
veals that this insecticide is stored in the fat of rats when 
fed at a level of 1 p.p.m. in the diet. There is a progres- 
sive rise in storage with time, reaching a maximum 
after 23 weeks. This time period is independent of 
the level of intake within the range of 1 to 10 p.p.m. 
Old and young rats accumulate DDT at the same rate. 
The rate of disappearance of DDT from the animal 
body is slow. One-fourth of the total still remains after 
the animals have been placed on a DDT-free diet for 
three months. Evidence of liver injury has been ob- 
served in rats consuming a diet containing 5 p.p.m. from 
four to six months.” 

As yet we do not know how serious this hazard is in 
terms of human damage. We do know that female 
dogs exposed to the effects of DDT secrete it in milk 
and that mother rats fed 50 p.p.m. or more produce 
smaller weanling rats with fewer survivals to a litter 
than control animals. We know also from experiments 
of the Bureau of Entomology and Plant Quarantine of 
the U.S. Department of Agriculture that if dairy cows 
are fed ensilage bearing DDT, if dairy cows are sprayed 
with DDT, or if DDT is used in dairy barns, the milk 
from those cattle will contain DDT. Prior to the re- 
porting of these experiments it was the view of the 
Food and Drug Administration that with proper pre 
cautions to protect the food from contamination, DDT 
was a useful and safe insecticide to be used in con- 
nection with food production of every type. Following 
these reports, however, there was only one answer. 
Milk is a universal and vital food. It is the principal 
food of babies and an important food of children and a 
widely used food through adult life. Its purity must 
be safeguarded in every possible way. We will not and 
cannot set up a tolerance for DDT in milk. Fortunately, 
the Bureau of Entomology and Plant Quarantine has 
been able to suggest alternatives and less objectionable 
substitutes in place of DDT within the dairy industry. 
In announcing what he considered to be a safe figure for 
DDT residues, Dr. Lehman stated that DDT should be 
present in concentrations of less than 1 p.p.m. if all oi 
the food carries residual DDT and not more than 
5 p.p.m. in any single item 


Benzene Hexachloride 
The Food and Drug Administration has been testing 
benzene hexachloride with particular emphasis on the 
pharmacological action of its isomers for nearly two 
years. The last report on these experiments at the end 
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of the 20th month indicates the order of toxicity 1s as 
follows, using the Alpha isomer as the base: Alpha, 1; 
Beta, 2; Gamma, 1; Delta, 0.5. None of the isomers 
appear to affect growth in laboratory animals at the 
100 p.p.m. level of feeding although slight histological 
changes in the liver have been noted. Beta produced 
questionable liver damage at the 10 p.p.m. level of feed 
ing. Distribution studies on the four isomers showed 
that fat storage of Alpha has a ratio of about 2 to 1 
over the concentration in the whole diet. Beta has a 
ratio of about 10 to 1, while Gamma and Delta are de 
posited in the tissues at about the same concentration as 
\lpha dis 
appears fairly rapidly, approaching zero in about a 


contained in the diet or at a ratio of 1 to 1 


month. Beta on the other hand is mobilized very slowly 
and does not disappear entirely until 3 to 6 months 
have elapsed. Gamma and Delta disappear completely 
within two weeks. Technical grades of benzene hexa 
chloride are skin irritants, the damage being almost 
in direct proportion to the amount of Gamma isomer 
present. Dermal application can produce toxic effects 
and the toxicity of the Gamma isomer on repeated ex 
posure increases many fold. Generally benzene hexa 
chloride isomers give a pathological picture not unlike 
that caused by DDT with liver damage as the chara 
teristic finding. According to Dr. Lehman quantities of 
benzene hexachloride present on food at time of use 
should not exceed 1 p.p.m. if all the food contains the 
chemical, and not over 5 p.p.m. in any single item 


Parathion 

Parathion is dangerous to the operator because of its 
acute toxicity, but since it rapidly breaks down in the 
body and lacks cumulative properties, studies to date 
indicate that an amount up to about 2 p.p.m. as a resi 
due at harvest time probably is safe from the standpoint 
of the consumer. This figure, of course, is subject to 
change as more information becomes available and 
applies only to a single item of food. Experimental 
applications of Parathion on apples and pears, when 
used in concentration up to 2 Ibs. of Parathion (25% ) 
per 100 gallons with four sprays applied, the last being 
applied not later than a month before harvest, resulted 
in residues of Parathion at time of picking of only a 
small fraction of 1 p.p.m. The applications actually used 
in these experiments would give an initial load well 
above that resulting from commonly recommended 
spray schedules. The eating of pears or apples freshly 
spraved with Parathion would result in acute poisoning, 
but with strict adherence to spray schedules and spray 
ing not later than a month before harvest, residues 
should not present a problem in the case of 
fruits. This does not necessarily follow in the case of 
citrus fruits where the peel itself may constitute an 
article of food 


Tetraethyl Pyrophosphate 
From the standpoint of acute toxicity 
Py rophosphate is one of the most fearsome of the new 
\n organic phosphate like Parathion, it 
penetrates the skin rapidly As little as 0.3 of a gram 
on a daily exposure basis is dangerous to man. Inter 


insecticides. 
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nally the organic phosphates are estimated to be from 


~ 


") 


three to five times as toxic as nicotine, and 12 to 
milligrams or one-fifth to one-third grains may _ be 
liable to cause fatality \s little as one small droy 
of the concentrate splashed into the eve may be fatal 
From the standpoint of chronic toxicity, Tetraethy] 
Pyrophosphate does not present a grave problem sin 

it decomposes and the known products of dec omposition 


are not considered to be hazardous 


Others 
(Other new insecticidal agents, including the analogs 
of DDT ( Methvoxchlor and TDE), Chlordane, Toxa 
phene, Piperonyl Butoxide, and insecticide activators 
are also being actively studied in the pharmacological 
laboratories of the Food and Drug Administration. Pre 
liminary work indicates that in no case should the con 


e food exceed 10 


centration of these agents in a singl 
p.p.m., and in Chlordane, Toxaphene, and TDE not 
over 5 p.p.m 

From this brief recital it is obvious that “bug 


ive undergone fundamental 


\\ I] kn wr 


supplanted by new highly 


killing” 
procedures in this country 


‘ 1 


anges within the last decade 


and radical « 


— 


porsons have been largely 
effective and extremely toxic agents. The toxicities of 


these various agents, acute and chronic, are still being 


1 
} 


studied Their potentialities for damage throug! 


cumulative poisoning over a period of years necessarily 
are largely unexplored. This entire field calls for the 
most painstaking and honestly reported fundamental 


research which will let the “chips fall where they may 


Phat is an obligation which, in my judgment, should be 


of first concern to the manufacturers and primary dis 
tributors of these insecticidal agents 

In a recent talk before the American Association 
cone mic lent nie logy Deputy Ce mnussronet of | iM 
and Drugs C. W. Crawford, stated: “I cannot stress tox 
strongly the necessit thoroughgoing investiga 
tion of all phases of toxicit f every pesticide intende 
for use in connection with food production where ther 


is any likelihood that even the merest trace may remain 


in or on the food at the time of consumption. To pro 


duce and use any |] t before this basic researc] 
we rk | i bee d ar : ite d saste terms 
human suffering and life. To commercialize a poisor 
before its potentialities are known is simply to use tl 
public as guinea pigs.”” Mr. Crawford went on to say 

As an « ganizat terested in this problet 
the Food and Drug Administration’s Division of Phar 
macology will be glad to discuss with anyone wl 
interested. the SCOT. il 11 d of investigations it he 
lieves through its experience. should be carried 
before anv products are exploited 

Phese same nditior 9 aii rete eavv re 
sponsibility on those w recommend the use of these 
insecticidal agents and who undertake to work up spra 
schedules. [he | st b . tive ar 
the harmful potentialities of these products must neve 
be overlooked r ignored hose wil use these 1 
secticides likewise assume heavy burden of responsi 
bility to follow strictly such schedules as represent the 
mature ent I ( c the 
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guard adequately the workers who apply these 
rm of sprays or dusts, to prevent acci- 
neighboring areas, and to 
tests as are necessary to insure that products 

market do not carry dangerous resi- 
dues. The manufacturer who utilizes as raw materials 
ive been subjected to treatment with one 
or several of the newer insecticides must likewise accept 
insuring that such raw materials do 
not carry dangerous loads of added poisons. He must 
ever bear in mind the possibility of the development 


ot dang rous concentrations in by-product utilization. 
| 


iwents im the 


dental contamination of 


make suc 


is harvested 


foods whicl 


responsibility 


} 


is level the price of concentrated pro- 
duction and the complexities of a highly developed 


<ach must pay at 


economy 

(On the other hand, the agency enforcing the Food, 
Drug, and ( etic Act has a clear mandate from the 
Congress. It must, under the terms of the FD&C 
\ct, prevent interstate movement to consumers of 


products which may alone or in conjunction with the 


ingestion of other products similarly treated create a 
health hazard, actual or as defined by statute. This 
titude of | ems will in time be solved as have 
( e come before. The technological re- 
search activities of the Food and Drug Administration’s 
Division of Pharmacology have now progressed to the 
point where we feel that we can proceed to the establish- 
ment of tol es as provided in section 406 for those 
insecticidal agents which are required in the production 
certain staple fruits which have wide use in the 
\merican diet Field offices of the Food and Drug 
\dministration are now collecting data looking toward 
the adoption of such tolerances, after appropriate hear- 
ings, for certain types of spray residue on apples and 
pears, It is possible that other fruits and some vege- 
tables may be included if the facts warrant. At the 
present time it is the thinking of the Food and Drug 
\dministration that tolerances should be proposed and 
established fi the compounds of arsenic, lead and 
fluorine and OT and Parathion on apples and 
pears. It 1 desirable after analysis of the 
vide situation to extend these proposals. As 
on as hearing dates and subject matter are finally 
lecided, wide distribution will be made of this in- 
to the end that appropriately interested 
wers, distributors, processors, manufacturers and 
ns € an opportunity to present their 
iews as 1 t constitutes an appropriate toler- 
ce under the terms of the law for each such agent 
sp ind vegetables. Meantime, the 
ind Drug lministration is continuing to operate 
the ba il tolerances for lead and arsenic 
pples and pears f 0.05 oT lb. and 0.025 gr. lb. 
pectivel ers have been informed that in the 
p Drug Administration, DDT 
1¢ n apple nd pears should be kept below 7 
go t g erances as provided by the 
the rug Administration urges con- 
vatism and great caution in the distribution, promo- 
1 utilizat f the powerful weapons which have 

een added to 1 eld within the past decade. 
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Studies concerning the relative merits of the con- 
ventional fermentation of 275 pounds of olives in 50 
gallon barrels as compared with fermentation in bulk 
in redwood tanks which contain about 15,000 pounds 
of olives indicate that there is no significant gross 
chemical or bacteriological difference between the two 
processes. The bulk fermentation, if used under the 
direct supervision of trained personnel, is economical 
of labor and time and insures a greater uniformity of 
product than does the conventional barrel process. 


I. Introduction 

The extensive commercial-scale fermentation of 
green Spanish-type olives in California is a compara- 
tively recent development although, according to Wet- 
more (9%), successful attempts were made as early as 
1889 and directions for pickling green olives had been 
written as early as 1880 by Cooper (2). However. for 
some reason, by 1900 the California ripe olive had be 
come established as a main product of the industry 
whereas the green fermented olive was considered more 
or less indifferently until about 1938. 

\daptation of the Spanish process, apparently first 
described by Gracey in 1918 (5), by Cruess in 1924 (3) 
and later by Bull in 1936 (1), to California conditions 
was slow. The first commercial-scale experiments were 
reported in 1930 by Cruess (4), but it took conscientious 
effort on the part of the entire industry to adjust the 
fermentation to the different conditions which prevail 
throughout the state. Now, largely through experience 
gained since 1935, any group in the industry can pro- 
duce successfully green fermented olives. 

One of the chief obstacles to commercial-scale fermen- 
tion of green olives in California has been the high cost 
of production as compared with the cost in Spain. 
Much of the hand labor used in Spain has been elimi- 
nated in the California industry by the use of such 
time- and labor-saving devices as size-grading machines, 
mechanical barrel hoop tighteners, olive pumping and 
fluming systems and lift trucks. To save further time 
and labor it seemed logical to attempt to eliminate the 
use of the conventional 50 gallon size barrel fermenta- 
tions. Some precedent for this attempt already was 
established. The Spanish regularly use large casks of 
about 170 gallons capacity for their olive fermenta- 
tions. Picklers sometimes use large tanks for their dill 
pickle fermentations. Accordingly, a study of the fer- 
mentation of olives in bulk in tanks was undertaken. 

II. The Bulk Process 

The basic steps in the production of fermented green 
olives in California are essentially the same as those 
used in Spain, although, as already intimated, certain 
adaptations of the process have been found to be ad- 
vantageous. 


Conventional method for production of uiforn 
green olives. The process requires that only) freshly 
harvested, mature, green to straw yellow olives be used 
r reinforced concrete 


These are placed in redwood « 
tanks and treated with lye solution. The sodium 
} 


; 
glucoside, 


| 
yy 


droxide is required to hydrolyze the bitte: 
oleuropein, because too much residual bitterness 1s 
objectionable in the fermented fruit. The caustic sol 
tions vary between 1.25 and 2.00 percent sodium 
hydroxide. The lye is allowed to penetrate from one 
half to three-fourths of the way to the pits of all of th 
olives treated. The excess caustic is then removed 
leaching the fruit with water. 


1 


\fter removal of all but traces of the sodium hy 
droxide the olives are placed in oak barrels ot abot 
gallons capacity. Each barrel is filled with about 275 
pounds of olives and enough salt brine to complete! 
cover the fruit. The filled and brined barrel the 
rolled into the fermentation yard 

The fermentation may be completed in from three 
weeks to as long as one year, depending upor 
amount of technical control. It is possible and als 
practical to complete the fermentation in thre 
to one month under commercial conditions. |o accom 
plish this it is necessary to integrate caretul 
measures which require the maintenance of a brine tet 
perature of 75° F. (24° C.); the adjustment of the sa 
concentration of the brine to 5 to 7 percent (grams 
NaCl per 100 ml. of brine) ; the presence: lesirable 
lactic acid bacteria in the brines; and the addition oft 
supplementary sugar (glucose or sucrose) to the brines 
to insure that an acidity of 0.8 to 1.0 percent lactic acid 
(total acidity calculated as grams lactic acid per | 
mil.) is produced." 


Fermentation tn bulk. Analysis of the entional 
process indicated that the greatest saving of time and 
labor would accrue by lye-treating and fermenting the 
olives in the same large container. Hence, experiments 
conducted over a ten-year period have been designed 
test this assumption. 

Containers investigated have include pen al 
closed tanks of redwood and reinforced t Re 
sults with concrete tanks have not beer mplete 
satisfactory. A coating is required to protect the cor 
crete from the corrosive action of the lacti 
during the fermentation. Furthermore, o1 the reir 
forced concrete tank is constructed, it is mpletely 


* The Sevillano, Manzanillo and Baroun: 


fermented in California, react differently r ga 
mentation. For a more detailed discussion of thes rocessing 
and fermentation variations, consult (¢ ss (4 ghr 


and Vaughn et al. (7, 8 
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immobile. Redwood tanks do not have these disadvan 
tages but, unlike the concrete ones, must not be allowed 
to dry out when not in use. Despite this latter dis 
advantage, redwood tanks are preferred. 


The tanks may be located out of doors or in specially 
constructed incubation rooms. If located outside, pro 
visions must be made for heating the tanks so that the 
brines may be incubated at a controlled temperature 
One of the simplest methods to provide incubation for 
tanks out of doors is to elevate them, enclose the bot 
toms and bleed live steam into the enclosed space under 
the bottoms. If the tanks are located indoors, the incu 
bation room is maintained at a temperature which will 
insure that the brines will be incubated at a desirable 
temperature. Temperatures from about 75 to 85° F 
(24 to 29.5° C.) are used 

The only significant difference between the conven 
tional and the tank or bulk fermentation is the larger 
container used in the latter method. This container, 
usually a redwood tank made with staves 4 feet long 
and a diameter of 14 feet, serves both for lye-treatment 
and fermentation of the olives. Thus the small coop 
erage and rehandling of fruit required in the conven 
tional process are eliminated. Otherwise, the same cars 
ful control is required in selection of fruit, lve-treatment 
and fermentation of the olives 

In the bulk process the tank is filled to within about 
12 to 18 inches of the top with freshly harvested olives 
of the proper maturity. A slatted cover (Figure 1) 
is fitted over the olives and securely anchored in place 
The cover keeps the olives submerged during lye 
treatment, washing and fermentation. It also acts as a 
sub-top when the tank is sealed during fermentation 
The fruit is then covered with lye solution of the de 
sired strength and lye-treatment is allowed to pro 
ceed. After the sodium hydroxide has penetrated to 
the desired depth in the flesh of the olives, leaching 1s 
started. After several changes of water (usually at 
least four), the last water added is left to cover the 
olives, and brine is formed by addition of salt until the 
concentration in the liquid is about 6 to 7 percent 
(grams NaCl per 100 ml. of brine). When fermenta 


‘ 
| 
| 


tion starts it is controlled carefully and kept going by 
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Fic. 1. Showing the bulk fermentation tank, the slatted cover 
and conventional 50 gallon barrels. The slatted cover is con- 
structed in two half-circles for ease of handling. 


additioa of sugar until at completion from 0.8 to 1.0 
percent lactic has been formed. 

When the fermentation is well under way and the 
salt concentration in the brine has stabilized, the tank is 
closed. This is done by flooding the brine and slatted 
cover with a layer of melted paraffin or microcrystalline 
wax. On solidification either of these materials forms a 
tight cover which seals the fermentation off from the 
air. In this way the fermentation is protected from the 
activity of oxidative yeasts which otherwise might 
ibound and waste both sugar and lactic acid. 

Because the fermentation is kept at a uniform tem- 
perature by incubation, there is no marked diurnal ex- 
pansion and contraction of the brine experienced when 
barrels of olives are kept out of doors for fermentation. 

Supplementary sugar is required to insure the pro- 


duction of sufficient lactic acid. Crystalline corn sugar 


glucose) is commonly used. The sugar is added at the 
| 1 pound per 50 gallons. A total of 2 to 3 pourds 


— 


per 50 gallons is usually required to decrease the pH 


1 1 > 


value to at least 3.8, which is considered a safe level. 


\t this pH value the tota! acidity calculated as grams 


100 ml. of brine will vary from 6.6 to 0.6 


Acidity, 

grams Total lactic 
lactic acid bacteria 
| 100 per ml. of 

of brine ” 


] 

144 1,150,000 
19,300,000 
143,000,000 
60,000,000 
$21 36,000,000 

58,000,000 
54 20,000,000 
52 16,000,000 

11,000,000 


6 25,500,000 
vacteria which, if present, 


ired before packing 








It has been found that the gross chemical and _ bac- 
teriological changes which occur in the bulk fermenta 
tion parallel almost exactly those observed in carefull) 
controlled barrel fermentations, as is shown in Table 1. 
However, the bulk fermentations are incubated once 
the prevailing out-door temperatures become unfavor- 
able. For this reason, acid production in the bulk fer- 
mentation of olives is finished in a relatively short time 
as compared with the conventional barrel fermentation 
which is not incubated. Figure 2 summarizes the trends 
in acid production for bulk fermentations and unincu- 
bated conventional barrel fermentations. 
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Fic. 2. Showing the difference in acid production in con 
trolled bulk fermentations compared with conventional barrel 
fermentations. 


III. General Advantages of the Bulk Process 

There is a decided saving of labor and time which 
results from the use of the bulk process for fermentation 
of green olives. There also is a saving in cooperage 
and coopering which results under conditions where the 
processor packs the fermented olives in glass. 

With the bulk process it is possible to ferment up to 
15,000 pounds of olives per tank. The saving in coop 
erage is obvious: the tank containing 15,000 pounds 
of olives is equivalent to about 16 Spanish casks or al- 
most 55 California barrels.* 

The labor saving advantages are evident in all phases 
of the process: no rehandling of olives is required after 
lye-treatment ; no daily brining of barrels is necessary ; 
and, above all, labor is saved in control of the salt, 
sugar and temperature requirements of the fermentation. 

The bulk fermentation is especially time saving for 
control personnel. As already stressed, it is desirable 
to follow the fermentation of green olives closely in 
order to direct the course of the fermentation. With 
the tank process it is easy to conduct the required chemi 
cal and organoleptic tests each day, if necessary, and 
not neglect other duties. (n the other hand, such close 
checking of barrel fermentations with the required con- 
trol tests is impossible. 


* Calculated on the basis of one U. S. gallon of olives weigh- 
ing 5.5 pounds; the Spanish cask containing 170 U. S. gallons; 
and the California barrel containing 50 U. S. gallons 
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It is also significant that the bulk fermentation allows 
for more rapid handling of the fresh fruit. Further 
more, there is less undesirable darkening of the lve 
treated olives which is caused when they are exposed 
too long to the air before fermentation. Too, there is 
less breaking and crushing of fruit because the barreling 
operation is eliminated. Finally, there is greater um 
formity of product with olives fermented in bulk as con 
trasted with the variations experienced from barrel to 
barrel with the conventional method. 

These advantages which accrue from the use of the 
bulk fermentation process may be completely vitiated 
unless competent, trained personnel is directly in charge 
of all operations. There is grave danger of serious 
economic loss unless the bulk fermentation is subjected 
to rigid control. The losses which might result from 
undetected microbial spoilage or leaking tanks are 
obvious. 

\n inherent disadvantage of the bulk fermentation 1s 
the problem of closing the tanks. Open tanks are used 
to facilitate control of lye-treatment. Although it is not 
difficult to seat the slatted cover and flood it with melted 
paraffin, it is difficult to keep the tank properly sealed 
Constant attention is required to close fissures which 
result from accumulation of fermentation gas. If the 
tank is located inside, the growth of mold must be pre 
vented. If the tank is located outside, rain as well as gas 
causes disruption of the seal. 


IV. Summary 
Studies have been made concerning the relative 
merits of the conventional fermentation of 275 pounds 
of olives in 50 gallon barrels as compared with fermen 
tation in bulk in redwood tanks which contain about 


15,000 pounds of olives. The results obtained 


inci 
cated that there is no significant gross chemical or bac 
teriological difference between the two processes 

The bulk fermentation process is economical of labor 
and time only if it is under the direct supervision « 


hazard 


; 
i 


trained personnel ; otherwise it 1s a potentially 
ous method because of the danger of losses which might 
result from acute microbial spoilage of the olives 
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The primary purpose of this study was to develop 
a means for improving the keeping quality of mildly 
cured, sliced, vacuum-packed bacon when stored at 
relatively high temperatures. The investigation com- 
prised a determination of the amount of salt generally 
tolerable in “mild” bacon, as well as a study of the 
moisture: salt ratio of such bacon and its effect on 
the storage life and bacterial flora of the bacon, to- 
gether with a study of processing methods for vary- 
ing this ratio. The microorganisms responsible for 
spoilage of mild, vacuum-packed bacon were isolated, 
the mechanism by which they produced swollen cans 
determined, and a possible bacon sterilizing agent was 
investigated. 


[his study was undertaken in an attempt to improve 
the keeping quality of canned bacon prepared for over 
seas use by the U. S. Army. War-time experience 
demonstrated that the sliced, vacuum-packed “Over 
seas’ type of bacon, as well as the 10-in-1 type which 
was a later development, would keep satisfactorily for 
relatively long periods of time at unfavorable tempera 
tures. Both of these pre ducts, however, were subjected 
to a great deal of criticism and were widely unacceptable 
for Army use. This was due to excessive saltiness in 
both instances,—more so in the former than the latter, 
and also to poor texture resulting from a pasteurizing 
treatment in the case of the 10-in-1 product. 

\s a result of this situation, considerable interest 
developed in the possible use of the familiar, mildly 
cured, commercial type of bacon. Tests indicated, how 
ever, that when sliced, vacuum-packed, and stored at 
100° F. (37.8° C.) it became sour in 3 months’ time 
or less. It was thus evident that if bacon of this type is 
to have a place in Army rations, requiring long-distance 
shipping and long-time storage under unfavorable tem 
perature conditions, research on the problem was 
required 

Objectives of the Study 

Che objectives of the study reported here, as origi 
nally outlined, were (1) to identify the microorganism 
or microorganisms that cause spoilage in mildly-cured, 
sliced, vacuum-packed bacon during storage at rela 
tively high temperature and (2) to determine the effect 
of the moisture: salt ratio in such bacon on the keeping 
quality of the product. Added later was the objective 
to study the usefulness of ethylene oxide as a sterilizing 
agent and as a possible means of preventing the spoilage 
of this type of bacon 


[his paper reports research undertaken in cooperation with 
the Quartermaster Food and Container Institute for the Armed 
Forces, and has been assigned Number 267 in the series of papers 
approved for publication. The views or conclusions contained i 
this report are those of the authors They are not to be cor 
strued as necessarily reflecting the views or indorsement of the 
Department of the Army 
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Materials Used 

Complying with a request from the Bureau, the Office 
of the Quartermaster General arranged for the process- 
ing by a commercial packer of three separate lots of 
typical, mildly-cured, sliced, vacuum-packed bacon. 
This bacon was used for initial storage experiments and 
provided a useful standard for comparison with later 
experimental lots of bacon produced at Beltsville. 

The bacon used in later storage studies was produced, 
processed and canned at Beltsville. It came from hogs 
weighing approximately 225 pounds and of uniform 

which had been produced in_ record-of- 
performance studies. Whenever possible, curing was 
begun a few days after slaughter. When this was not 
feasible the bacon was held at 0° F. (—17.8° C.) until 
ready for cure and then thawed at 36° F. (2.2° C.) be- 
fore using. In curing, fine common salt, Federal Specifi- 
cation No. SS-S-31 Type A, commercial brown sugar, 


feeding, 


and C. P. potassium nitrate were used. 


Methods Employed 


rhe sides of bacon to be cured 
were placed in shallow pans and uniformly covered with 
2.85 percent of their weight of a curing mixture com- 
posed of 1 pound of salt, 0.1 pound of sugar and 0.04 
pound of potassium nitrate. The sides were left in cure 
for 14 days at 38° F. (3.3° C.) and then hung on 
bacon hooks and washed well with a stream of hot 
water from a hose. After drying, the bacon was smoked 
with hardwood smoke in a steam-heated smokehouse. 
lhe temperature of the house was held at about 135° to 
140° F. (57° to 60° C.) until the internal temperature 
of the bacon reached 120° F. (49°C.). This usually 
occurred in about 4 to 6 hours. The temperature of the 
house was then allowed to drop to 110° to 120° F. and 
smoking continued for a total of 24 hours. This pro- 
cedure was adopted as the standard curing and smoking 
method for the project after some preliminary work 


Was di me 


(uring and smoking 


Heating. ‘wo methods of heating bacon after smok- 
ing were employed—(1) in the smokehouse and (2) 

cabinet type through which air was 
circulated. Both methods involved a temperature of 
about 120° F. (49° C.) 


in a dehydrator 


Slicing. Bacon was sliced with an electrically driven 
machine and the strips were laid shingle fashion on 
Samples were taken for 
at the time of slicing. The sampling 
was done in such a manner that the bacon used for 


vegetable parchment paper 
chemical analysis 
analysis was strictly representative of that which was 
canned 


Inoculating. Immediately after slicing, the bacon was 
of an atomizer with a suspension of 
ganisms or organisms being tested 


for ability to cause spoilage 


sprayed by meat 


known spoilage 
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Canning. The strip was then rolled into cylindrical 
form and inserted into a round metal can, size 307 x 305 
or 307 x 400, with soldered side seam and compound- 
lined, double-seamed ends. The cans were then sealed 
under vacuum. 

All of the Beltsville-produced bacon was stored at 
37° C. (98.6° F.) after canning. Of the three lots of 
commercially-produced bacon received at Beltsville 
through arrangements made by the Office of the Quar 
termaster General, 45 cans of each lot were stored at 
37° C., one can at 1.1° C. (34° F.) and 24 cans at room 
temperature. 

Bacteriological methods. Before a can of bacon was 
opened for counts or isolation of microorganisms, the 
outside of the can was thoroughly washed with soap and 
water and then allowed to stand for several minutes in 
a saturated solution of mercuric chloride. The can was 
then rinsed with sterile water and opened with a sterile 
can opener. Several slices of bacon were removed from 
different parts of the roll with sterile forceps and placed 
in a previously weighed, sterile Petri dish. The Petri 
dish was again weighed and the weight of the bacon 
computed. Between 10 and 12 grams of bacon were 
used. The bacon was next placed in a sterile Waring 
blendor jar containing 100 ml. of physiological saline 
and blended. Various dilutions were made from the 
suspensions of bacon in saline and plates were poured, 
either veal infusion medium (Difco) with the addition 
of 1.5 percent agar, or pork heart agar being used. 
Duplicate sets of plates were poured. One set was 
incubated aerobically and one set anaerobically in a 
Brewer or Spaulding anaerobic jar. The plates were 
incubated at 37° C. for 24 to 48 hours and the colonies 
were counted. 

A portion of the suspension of bacon was inoculated 
into thioglycollate medium (Difco) and tubes of Jen- 
sen’s spiced ham medium (6) by means of a Pasteur 
pipette. After 24 to 48 hours of incubation all tubes 
showing gas production were streaked on veal infusion 
agar and isolated colonies were later picked. Thiogly- 
collate and Jensen’s medium were inoculated with pure 
cultures of the organisms isolated and the tubes were 
observed for evidence of gas production. A modification 
of Jensen’s spiced ham medium was employed in which 
bacon was substituted for the ham. Results were the 
same with either medium. All tubes and plates were 
incubated at 37° C. The organisms which were isolated 
from cans of spoiled bacon were identified on the basis 
of morphology and biochemical reactions, using the 
usual bacteriological media. 

A number of the organisms isolated were tested for 
CQO, production with the use of home-made fermenta 
tion tubes of the Eldredge (4) type with standard 
barium hydroxide as an absorbent. For this phase of 
the work Difco nutrient broth with the addition of 0.3 
percent yeast extract and | percent dextrose was used. 

Chemcial determinations. Determinations of moisture, 
ether extract, and total nitrogen were made according 
to the Methods of Analysis of the Association of Official 
Agricultural Chemists (/). In the Sorensen amino 
nitrogen determination, the above book of methods was 
also followed except that all coagulable proteins were 
removed from the solutions before titrations were made. 
Sodium chloride was determined by an adaptation of 
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the Dyer (3) method. In determining free fatty acids 
a rapid extraction procedure was used. Small quantities 
of bacon were mixed with small amounts of anhydrous 
sodium sulfate and purified sand and the mixture placed 
in an Erlenmeyer flask. Enough Skelly “F” 
added to cover the sample. A little heat was applied by 
means of a steam bath and, after shaking, the extract was 
decanted through a filter into a weighed flask. This 
procedure was repeated several times in order to obtain 
fairly complete extraction. The extract was evaporated 
to dryness on a steam bath and the flask then placed in 
a vacuum oven at 100° C. for several hours. A final 
weighing gave the weight of the extracted fat. This was 
then titrated according to the method described by 
Jamieson (5). 


was then 


Results 

Preliminary tests. In order to establish a standard 
curing procedure for the production of mild bacon to 
be used for the experimental canning and storage in this 
study, several preliminary tests were run to determine 
the rate of salt absorption by the “green” bellies and 
the optimum time required for curing. The curing mix 
ture and procedure were based on Tentative Specifica 
tions, QO. C. D. No. 155 A, of the Quartermaster Corps 

lt was originally thought that the salt content of the 
product could be effectively controlled by removing the 
sides from cure after an adequate period of time had 
elapsed. However, the first tests demonstrated that the 
salt was absorbed so rapidly that only about a week in 
cure was required to attain a relatively high salt con 
centration on the average, but that considerable varia 
tion occurred. It was then decided that a more logical 
and precise method would be to apply only a sufficient 
amount of curing mixture to provide the desired con 
centration in the finished product and to leave the 
bacon in cure long enough to absorb all the salt applied 

Figure 1 shows the results of four preliminary curing 
experiments. Lots A and B were cured by applying 
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6 pounds of curing mixture per 100 pounds of meat and 
adding 3 pounds per 100 pounds of meat on the 16th 
day in cure. The curing mixture was composed of 90 
percent NaCl, 9 percent sugar, and 1 percent KNO 

Lot C was cured with only the original 6 pounds of 
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curing mixture and Lot D was cured with only 2.3¢ 
pounds per 100 pounds of meat. In sampling the bacon 
at successive intervals during curing, pieces were cut 
alternately from the anterior and posterior ends of 
paired sides each time, and the salt content recorded 
was the average of these two pieces. This method was 
believed to represent the best available means for ob 
taining comparable samples, although the irregularity 
of the curves in Figures 1, 2 and 3 indicates that it was 
not perfect 

It is made clear by Figure 1 that there was a very 
rapid absorption of salt by all lots during the first few 
days. In Lots A and B this continued for from 10 to 
14 days and in Lot C up to the eighth day. A clear-cut 
break in the curve for Lot D appears at the 4-day stage. 
It is noteworthy that the final salt percentage attained 
by Lots A and B were approximately 5.5 to 6, and by 
Lot C about 3.7. For Lot D the estimated maximum 
was approximately 3.2 percent. It is apparent that some 
of the salt, in Lots A, B and C, was not absorbed. How 
ever, in Lot D, it would appear that all of the salt applied 
was absorbed and the salt content of the bacon was 
increased to the estimated maximum of 3.2 percent as 
a consequence of the moisture losses during the curing 
and smoking operations 

lo throw turther light on the problem relating to salt 















st ae ._ OUTER PORTION 
¢ See 
4 ‘i BACON AS A WHOLE 
o 
eS “ 
Zz 
ss 
ve 
Be nn SOREN 
~ rae 
wd 
= 
< 
1 
a 3 7 it a 18 21 
DAYS IN CURE 
Fic. 2. Distribution and rate of absorption of salt in bacor 
cured with 4 percent of curing mixture 
at 
a 
— | Pa PORTION 
us / 
g pcg 
< 
a | BACON AS A WHOLE 
uw) 2+ / el 
) 
< j 
4 
~ / 
< // a 
it a 
|/ TER PORTION 
—— 





5 7 iL 14 18 2! 
DAYS IN CURE 
Fic. 3. Distribution ar rat absorption ot salt in bacor 


cured with 3 percent of ring mixture 


KEEPING QUALITY OF BACON 35 


absorption and moreover distribution, additional lots of 
bacon were cured by the 90-9-1 mixture described 
above. The results of these experiments are shown in 
Figures 2 and 3. For the lot described by Figure 2, a 
curing mixture equal to 4+ percent of the weight of the 
bacon was used and for Figure 3, 3 percent was em- 
ployed. The sides were sampled as before except that 
salt analyses were run on the outer portion of the bacon, 
the inner portion next to the skin, largely fat, and the 
hacon as a whole. It will be noticed from Figures 2 and 
3 that the bacon as a whole had absorbed the maximum 
amount of salt by the 14th day, assuming that the slight 
rise in Figure 3 from the 18th to the 21st day was due 
to errors inherent in sampling. Similarly, the low salt 
Lots C and D in Figure 1, when the variation of sampling 
is considered, did not increase greatly in salt content 
following the 14th day. In all cases the rapid salt ab- 
sorption during the first few days in cure is noteworthy. 

During this preliminary curing work samples of 
bacon varying in salt content were fried and tasted by 
a panel of judges. The preferences expressed are shown 
in Table 1. Although there was considerable variation 


rABLE 


on varying tn salt content 


Percent of judges who scored samples 


Not salty 
I salty Acceptable enough 
47.0 53.0 
45.5 54.5 
47.0 53.0 
( 53.0 28.0 
55.5 44.5 
44.5 55.5 
66.7 14.0 
50.0 25.0 
{ 83.9 0.7 
& ; 71.4 14.3 
g } 81.0 0.0 
63.0 0.0 
56.5 34.7 
72.7 27.3 
66.6 0.0 
60.8 0.7 
63.0 6.0 


in the results, it was concluded from them that, to be 
acceptably mild, bacon should contain not more than 
3.0 percent of NaCl prior to cooking. 

From these preliminary experiments the method of 
curing given under “Methods Employed,” above, was 
chosen as the standard method for the production of 
mild bacon for the purposes of the project. The curing 
mixture was compounded as indicated (1 pound NaCl, 
0.1 pound sugar, and .04 pound KNO,) for convenience 
in weighing and the value, 2.85 percent of the green 
hosen on the basis of previous shrinkage 
records of bacon being smoked at Beltsville, as likely to 
the finished product. An analysis of a 
ypical lot of bacon cured in this way showed values of 
2.74 perceat NaCl, 22.38 percent moisture, 3.15 percent 
sh, 11.86 percent protein, 62.76 percent ether extract, 
and an average moisture: salt ratio of 8.2:1. 

Voisture: salt ratio in relation to keeping quality of 
hacon. The good keeping qualities of the sliced, vacuum- 
packed “Overseas” type of bacon indicated that a high 
salt content iluable in conferring a long shelf life 
on the product. Some way was needed to take advan- 
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tage of the bacteriostatic qualities of the salt without 
rendering the bacon excessively salty when eaten. It 
seemed logical that if the moisture content could be 
significantly reduced a mild commercial type of cure 
might be just as valuable in preserving the product as 
a high salt cure would be in preserving a more moist 
product. The first method tried for reducing the mois 
ture content of the bacon was to hang the sides in a 
smokehouse after the normal smoking period was com 
pleted. During this additional period the house was 
heated by steam coils, without smoke, and maintained 
at 120° F. (49° C.). 
to be used for a comparison of the effect of moisture: 


Five lots of bacon were prepared 
salt ratio on keeping time. One lot was given a mild 
cure (using only 1.5 percent of the standard curing 
mixture) and smoked in a house to which moisture was 
added as steam. The second lot was cured by using 
2 percent of the curing mixture and smoked under the 
same conditions as the previous lot. Lot 3 was cured 
and smoked under the standard conditions used when 3 
percent of the curing mixture was employed. Lots 4 
and 5 were cured and smoked by standard methods, but 
Lot 4 was. heated for 3 days and Lot 5 for 6 days after 
smoking. Since the analyses of these 5 lots of bacon did 
not show great disparity in salt and moisture values, the 
experiment was repeated and only the high, standard, 
and low moisture :salt ratios were sought. These were 
called Lots LA, 3A, and 5A and were processed identi 
cally with Lots 1, 3 and 5 described above. All the 
bacon was sliced, inoculated, and canne| with the use 
of the standard procedures described. The results ob 
tained in this experiment are shown in Table 2, together 
with the corresponding data for the three lots of com 
mercially processed bacon obtained from the Quarter 
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master Food and Container Institute. These three lots 
are identified as C1, C2, and C3. 

It is noteworthy that Lots 1 and 1A, as well as the 
three commercial lots, all had a salt content of less than 
) 
<- | 
l 


vercent, moisture :salt ratios as wide as or wider than 
. 2 
&.4 


:-1 and relatively short keeping periods. The rela 
tively long keeping time shown by Lots 3, 3A, 4, 5 and 
5A may be due, in part, to the fact that all the bacon in 
this experiment was inoculated with pure cultures of 
suspected spoilage organisms which may not, in fact, 
have been as virulent as supposed. However, the re 
sults do indicate a positive advantage from heating in 
the smokehouse. In order to assure rapid spoilage for 
comparison of processing methods, later lots of bacon 
were inoculated with washings from cans swollen 
bacon. The results of two such experiments are shown 


in Table 3. 
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Lots 39 and 40 present a particularly interesting com 
parison. The bacon in these lots, as in all others used 
in this project, consisted of paired sides treated exactly 
the same, except for the 6-day heating period aftet 
smoke to which Lot 40 was subjected. The remarkabk 
difference in keeping time clearly demonstrates the 
value of reducing the moisture :salt ratio to 5:1 or lowe 
Lots 47 and 48 show that 6 days’ heating after smoking 


is not in itself effective in reducing spoilage when it 


does not result in sufficiently lowered moisture: salt 
ratios 
\ comparison of two heated and two unheated lots 


of bacon is shown in Table 4. All bacon was processed 
according to the standard procedure described and Lots 
32 and 44 were heated for 6 days after the normal 
smoking period. The Sorenson values tabulated show 
that proteolysis was retarded in the heated lots and a 
comparison of the free fatty acid values reveals that, 
although the heating treatment did increase the initial 
free fatty acid content slightly, the deve lopn ent ot tree 
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acidity by lipolysis during storage was also greatly re 
tarded. The bacterial counts, although erratic, are 
significantly lower in all cases, for the heated group. 
All lots were given the same initial inoculation. 

Since the drying of bacon in a heated smokehouse 
depends on convection to bring dry heated air in con- 
tact with the sides of bacon, it was thought that lower 
moisture :salt ratios might be attained by drying the 
bacon in a cabinet dehydrator with the use of forced 
air circulation. Two lots of bacon were prepared by 
standard procedures and subdivided; half of each lot 
was analyzed immediately on removal from the smoke 
house and the other half was held for 6 days in the 
drier at 120° F. (49° C.), with forced air circulation 
The moisture :salt ratio in one case was reduced from 
9.74:1 to 6.00:1 and in the second case from 8.70:1 to 
7.49:1. 


than could be obtained by heating in the smokehouse 


\lthough these reductions were no greater 


for the same period with natural air circulation, a fur 
ther comparison was made by drying two lots of paired 
sides by the two methods. Lot 37, which was dried by 
6 days of heating in the smokehouse after smoking, 
showed a weight loss of 7.20 percent during the drying 
period and a final moisture:salt ratio of 5.32:1. Lot 
38, which was dried in the cabinet drier for 6 days 
after smoking, 

»? 


nT 


showed a weight loss for the drying 
period of 7.22 percent and a final moisture :salt ratio 
of 5.24:1. From these results it was concluded that the 
advantages, if any, of drying by forced circulation of 
heated air were not great enough to make this method 
preferable to smokehouse drying. 

It is well recognized in packinghouse practice that to 
avoid excessive weight losses bacon must not be stacked 
too high during curing. It is also well known that 
frozen meat, when thawed, shows a considerable “drip” 
or moisture loss. These two facts suggested that, if 
bacon were frozen, thawed, and pressed before curing, 
or pressed either during or after curing, a considerable 
quantity of moisture might be eliminated. However, a 
number of experiments designed to test this hypothesis 
failed to demonstrate any advantage in favor of this 
method of drying. 

lsolation and identifi 


tion of organisms from spoiled 
hac on, The 


objective of the bacteriological phase ol 
this project was to identify the organisms responsible 
mildly-cured, sliced, 


for spoilage of vacuum-packed 


bacon. Although there are factors other than can swell- 
ing involved in the spoilage of this product, most of 
the bacteriological work was directed toward an under 
standing of the causes of swelling of the bacon cans 
when stored at a relatively high temperatur: 

inoculated with 
and incubated at 37°C. Dilu 
tions were made from those tubes in which 


Tubes of Jensen’s medium were 
bacon from a swollen can 
there was 
evidence of gas production and this material was 
streaked on veal infusion agar. The plates were incu 
bated at 37° C 
identification 


and isolated colonies were picked for 
\pproximately 80 percent of the more 
than 100 organisms isolated and studied were micro 
cocci and 4 percent were staphylococci. All of these or 
ganisms produced acid in various carbohydrate media 
but none produced gas in Dunham fermentation tubes 


\erobic, 


have been described 


spore-forming bacilli of the B. subtilis group 


6) as the causative agent of swell 


ing in canned spiced ham and luncheon meats. How- 
ever, strains of these organisms were isolated only 
twice from swollen cans of bacon. 

The possibility that an anaerobic sporeformer might 
he involved in the spoilage of canned bacon was con- 
sidered. Swollen cans of the product were heated for 
various periods of time in a water bath prior to opening 
to kill non-sporeformers. Isolations weré made with 
pork heart medium for enrichment. Two strains of the 
Cl. butyricum group were isolated by this procedure. 
[hese organisms produced acid and gas from dextrose, 
lactose, sucrose, maltose and mannitol but not from 
xylose, did not form indol and gave slight H,S pro- 
duction. Because of the heavy growth of micrococci 
originally present in the bacon, inoculation of canned 
bacon with these organisms did not yield proof of their 
ability to cause swelling of the cans. Furthermore, the 
fact that these Clostridia could not be isolated from 
every can of spoiled bacon indicated that there were 
other organisms involved 

Fifty-one strains of micrococci, which were pre- 
viously isolated from swollen cans, were tested for their 
ability to produce gas in Jensen’s medium. Of these, 36 
strains produced gas in this medium, the majority be- 
ing positive within 24 hours. It will be recalled that no 
strain of micrococcus isolated in this study produced 
demonstrable gas in Dunham fermentation tubes. 

The production of carbon dioxide by bacon or- 
ganisms was measured in fermentation tubes of the 
Eldridge type made by connecting two 50 ml. Erlen- 
meyer flasks with a glass tube. Ten ml. of medium were 
placed in one flask and the whole assembly sterilized. 
\t the time of inoculation, the other flask was filled with 
5 ml. of standard barium hydroxide solution. These 
fermentation tubes were incubated for 1 week at 37° C. 
and the CQ, determined by titrating the barium hy- 
droxide with standard acid. Two blanks (uninoculated 
tubes ) were used in each run and the difference in titra- 
tion value between the blanks and the inoculated flasks 
was used to calculate the amount of CO, produced by 
the organism in question 

Che results with 51 strains of 7 species of micrococci 
) 


and é 


pecies of sporeforming bacilli are summarized in 
lable 5. The micrococci reported were all organisms 
commonly found in bacon and are generally considered 
to be inert so far as keeping quality is concerned. How- 
ittle doubt that they were responsible for 
the swelling of the bacon cans. It is also interesting to 
note that all strains which failed to produce gas in 
Jensen’s spiced ham medium did produce CO, which 
was measurable by 
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ever, there is 


the Eldridge technique. It seems 
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logical to conclude that the swelling of the bacon cans 
was not due to contamination by any one organism, but 
was the result of the metabolic activities of the total 
bacon flora. 

Ethylene oxide as a sterilizing agent for canned bacon. 
From the observations made on the bacteriology of 
mildly-cured, vacuum-packed bacon it was concluded 
that any method which would appreciably reduce the 
bacterial load or possibly sterilize the bacon would 
lengthen the shelf life of the product when stored at 
relatively high temperatures. Therefore, in another 
phase of the study, bacon was sliced, sampled and inocu- 
lated in the usual manner (see Methods Employed). 
The sliced bacon was placed in cellophane bags open 
at both ends and exposed to ethylene oxide in a fumi 
gation chamber. When the bacon was to be canned the 
cellophane bags were sealed and placed in the refrigera 
tor at 1° C. overnight to allow for dissipation of excess 
ethylene oxide. The bacon was canned on the follow 
ing day. 

In several experiments liquid ethylene oxide on a 
cotton plug was introduced into the can before sealing 
When this procedure was used the cans were sealed im 
mediately to avoid undue loss of the sterilizing agent 

Preliminary experiments were conducted in an effort 
to determine the least amount of ethylene oxide which 
was required to sterilize the bacon in the shortest time. 
Bacon was exposed to an atmosphere containing 33 
percent ethylene oxide. Six hours of exposure were 
required to obtain a sterile product. When ethylene 
oxide at a concentration of 50 percent was used the 
bacon was sterile in 4 hours. The latter procedure was 
repeated and the bacon was canned. As expected, the 
product was still sterile after about 2'2 months of 
storage. However, certain changes had occurred so 
that the resulting bacon was undesirable. It was very 
poor in color, being a dull brown, and had an abnormal 
odor. 

It was considered at this point that perhaps the action 
of the ethylene oxide continued after the bacon had 
been canned. Therefore, the next lot of bacon canned 
was likewise exposed to 50 percent ethylene oxide but 
the periods of exposure were reduced to 1, 2, 3, 4, and 
5 hours. After 2 weeks of storage the product was 
tested bacteriologically and found to be sterile but again 
the color was poor and the odor abnormal. Further 
reductions in the amount of ethylene oxide and time of 
exposure were made and it was finally determined that 
exposure to an atmosphere of 17 percent ethylene oxide 
for 3 minutes would yield a sterile product, but even at 
this concentration the color and odor of the bacon were 
adversely affected. [-xposure to 10 percent ethylene 
oxide for 7 minutes likewise caused the development of 
poor color and odor but did not yield a sterile product. 
In order to maintain the normal color and odor of the 
bacon it was necessary to reduce the exposure to 10 
percent ethylene oxide for 3 minutes. 

In the experiments in which ethylene oxide was added 
directly to the can, amounts up to and including 1 ml. 
did not cause off colors or odors to develop but com 
plete sterility was not obtained. However, 1 ml. of 
ethylene oxide added to a 307x400 can of bacon 
brought about a considerable reduction in the number 
of organisms present as shown in Table 6. 
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TABLE 6 
of ethylene oxide on bacterial unts 
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In all of the experiments the bacon treated with 
ethylene oxide was artificially inoculated so that it car- 
ried an exceptionally heavy bacterial load. It is quite 
possible that further work with bacon produced under 
normal plant conditions would show that an amount of 
ethylene oxide small enough to avoid discoloration and 
odor might considerably prolong the shelf life of the 
product. 

It was recognized that ethylene oxide may have toxic 
effects on human beings. However, this work was not 
designed to include study of that question and it re 
mains an unsolved problem. 


Summary 

Bacon with a maximum salt content of 3 percent was 
considered “mild” by most judges. 

Mildly-cured, vacuum-packed, sliced bacon spoiled 
hecause of the growth of many species of micro 
organisms. The majority of these organisms were bac 
teria normally found to be present in bacon, and were 


mainly members of the genus Micrococcus. 
The results suggested that mildly-cured, vacuum 
packed, sliced bacon would have a shelf life of at least 3 


months at 37° C. if it were sufficiently dehydrated be 
fore canning to have a maximum moisture :salt ratio 
of 5:1. 

Chere was some indication that ethylene oxide could 
be useful as a sterilizing agent for mildly cured sliced 
bacon. [Exposure to an atmosphere of 17 percent ethy 
lene oxide for 3 minutes yielded a sterile product after 
2 weeks of storage but the color and odor of the bacon 
were adversely affected. Treatment with 10 percent 
ethylene oxide for 3 minutes was the maximum ex- 
posure possible without impairing color and odor, but 
it did not sterilize the product. As much as 1 ml. of 
ethylene oxide was added directly to a 307 x 400 can 
of bacon without affecting the odor and color and, al 
though this amount did not sterilize the bacon, the 
bacterial count was greatly reduced. No study was 
made of possible toxic effects of ethylene oxide and 
that question remains a problem. 
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